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Section 1 
INTRODUCTION 

The objective of this in-flight research program, utilizing the Air 
Force Wright Aeronautical Laboratory/Calspan Total In-Flight Simulator (TIFS), 
was to obtain data applicable to Flight Phase Category C operation of Class 
III airplanes, i.e., approach and landing task for very large (one million 
pound) , low-load factor airplanes. The overall experiment was to provide data 
on the following factors; 

• Minimum short period dynamics 

• The need for absolute n/a limits 

• Effect of normal acceleration cues 

• Augmentation system bandwidth 

• Control system time delay and phase shift limits 

• Multi-loop control in landing 

• Lateral acceleration tolerable to pilot 

4 Demonstration of lateral-directional augmentation concept 

Only that portion of the data which is most applicable to the space shuttle 
orbiter design is reported in this document. See Calspan Report No. 6645-F-5 
or Air Force Report AFWAL-TR-81-3118 for a more extensive treatment of the over- 
all experiment. 

Two Calspan evaluation pilots participated in this program with 
one pilot evaluating all of the test configurations and the second pilot 
evaluating approximately one-half of the test configurations. 

Pilot comments and ratings were recorded in flight. This data is 
considered as the principal data obtained from this program. In addition, 
model responses and data pertinent to trajectory analysis was recorded on 
board during the performance of the evaluation task. 
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In the overall experiment, three different basic pilot-aircraft models 
were generated to evaluate pilot position versus instantaneous center of pitch 
rotation. The aerodynamics and control systems of all of these configurations 
were essentially the same except for the value of Z. , or lift due to elevator 
deflection, which was used to shift the center of rotation. Tlie three basic 
configurations were: 


Long Aft Tail 
Canard 


Short Aft Tail 


a generic conventionally designed aircraft, 
pitching moment controller forward which shifts 
center of rotation aft, similar to a slender 
arrow-wing supersonic cruise design with a 
canard. 

a generic delta wing design with elevens for 
pitch and roll control, shifts center of rota- 
tion forward of pilot, similar to the space 
shuttle orbiter design. 


Combined with the three basic configurations were two different 
types of pitch augmentation systems: an angle of attack feedback system 

and a pitch rate feedback system. Control system gains were varied to aug- 
ment the basic, statically unstable airframe up to Level 1 handling qualities. 

Included in the command paths were different levels of extra trans- 
port delays (representative of digital control systems) and first order pre- 
filters (representative of structural filters) . 

A more detailed description of the Short Aft Tail configurations 
which were evaluated are outlined and illustrated in Section 2 along with other 
details of the experiment design. Section 3 presents the mechanization of 
the experiment including the description of the TIPS setup. Section 4 pre- 
sents the results of the program, including data collected and analysis. Sec- 
tion 5 contains the conclusions. 
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Section 2 
EXPERIMENT DESIGN 

2.1 CONFIGURATION DESCRIPTION 

This flight research program consisted of two sets of configura- 
tions ivith detail variations which are outlined and illustrated by the follow- 
ing discussion and diagrams. 

The two sets of configurations were intended to explore the inter- 
actions of basic configuration factors together with either an angle of attack 
augmentation or a pitch rate augmentation system similar to the space shuttle 
design. The a augmentation system is shown in Figure 1. The a signal used was 
an inertial quantity which eliminated direct turbulence effects on the feedback 
signal. The a feedback gain was varied, along with the effective time delays 
in the pilot's command path to the elevator. This configuration set is illus- 
trated by the following diagram. 

Set 1 — Short Aft Tail 
a-Augraentation 



T ^ A B 
p-Ctah 


^PCR 
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Some of the terms used in these diagrams and in the body of the report are 
defined below: 


- notation used to define the effective time delay of the 
p^tan TIPS model following system and the optional elements 

inserted into the command path. The effective time de- 
lay of these portions of the total system is defined 
by the maximum slope intercept method described in 
Appendix V-B. 


= A 


pitch 


nominal effective time delay of the TIPS model follow- 
ing delay in pitch (.06 sec). 


= 5 - "A” delay (.06 sec) plus first order prefilter lag 

(t . = .111) such that f, for these two elements 
p'Ltan 1 

was = .13 sec, 

= C - "B" delay plus transport delay (.07 sec) such that 

Tj for the three elements was .20 sec. 


In the data analysis, the total effective tine delay, is used. See Sec- 
tion 4.2. 


The and refer to the pilot position with respect to the 

center of gravity and center of rotation, respectively, for each configuration. 
These are discussed in detail later in this section. 


The stability and control derivatives for the basic configuration 
were kept constant, and equivalent to those of a one-million pound C-5 or 
Boeing 747. The initial normal acceleration due to a pitch input at the lo- 
cation along the X-body axis can be defined as: 


where I 


X 

rotation 


n (0) 
z 


I 

9 



M. -hZ. 
0 <5 




q(0) 


[_ e e J 

IS the point of interest along the X-body axis. 
(£. _), n (0) = Oo Therefore, 

G/f 3 




M. +Z. 

0 Q W 

e e 


At the center of 
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Using the above relation,/'/^ and were selected to obtain a center of rota- 
tion similar to the shuttle^orbiterf The quadratic drag polar 

^ o. ^ a 

was chosen to put the aircraft just barely on the back side of the power 
required curve at ISO KIAS. The dimensional data and stability derivatives are 
presented in Section 2.2. 

The actual pilot location in the fuselage of the airplane is defined 

in Table 1 and graphically shown in Figure 2, The vertical dimension in the 

body axes system has been varied in each configuration such that the height of 

the pilot above the X-stability axis was constant at Z^ = -IS ft. This was 

sp 

done to keep the lateral acceleration environment at the model cockpit and the 
eye height at simulated touchdown constant. 


The pitch damping of the base unaugmented airplanes was such that 
only a feedback was required to augment the airplanes toward Level 1 short 
period dynamics. The gain \^as chosen such that the resulting dynamics 
were: 


K 

= Medium 


— ^ = .096 — Level 

a 


sp 

a 




/n 

K 

= High 


/ — = .16 — Level 

a 

sp/ 

a 


2 and 3 boundary for n /a = 4.15 g/rad, 

2 

1 boundary for n /a = 4.15 g/rad. 

2 


Actual control system parameters are presented in Section 2.2. Figure 3 
shows where these configurations appear on the MIL-F-878SC short period re- 
quirements. Equivalent system analysis was performed on the configurations 
after the flight program was completed and revised values for the equivalent 
short period frequencies were obtained. This analysis is presented in Appen- 
dix V-A, 


Configuration set 2 was a partial repeat of set 1, but with the 
a augmentation system replaced by pitch rate augmentation plus integral path 
in the forward loop. See Figure 4 for the control system design. Tliis 
control system had two extra features. One was an angle of attack limiter 
which started adding pitch down commands when the angle of attack increased 


6 



TABLE 1 


PILOT POSITION WITH RESPECT TO MODEL C.G, 

AND PITCH CENTER OF ROTATION 
(Body axis, ft) 

X = X distance from model C.G. to pilot 
mp ^ 

X„^„ = X distance from pitch center of rotation 

to pilot 


Configuration 

mp 

hcR 

Base Short Aft Tail 

50 

-10,0 

Short Aft (Pilot @ 70') 

70 

10.0 

Short Aft (Pilot § 110') 

no 

50.0 


50 

0 10 


- 10 ' 0 


; 

SHORT AFT TAIL 


I 




no 190 
70 80 
50’ 60' 






PILOT 


C.G. 


CENTER OF ROTATION 


MAIN LANDING GEAR 


Figure 2. RELATIVE LOCATIONS OF PILOT, C.G., CENTER OF ROTATION, AND MAIN 

LANDING GEAR OF VARIOUS CONFIGURATIONS 
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LEVEL 2 








t 


•» 



g 

±q = - rp- [± n + aos 0 cos i}i ] , tij. set at 1.3j just to check operation in tests, 
L V ^ L L 

not used in evaluations 

'V Limit bank angle for which elevator is compensated for level turn (f 45 deg) 

K 'V Loop gain establishes dynamics, function of ~q 

U 

'0 Coimnand gain, set by pilot 
e 

a 

1 'V Integral/Proport lonal Ratio 
T Influence Augmented Dj'namics 


Figure 4 PITCH RATE AUGMENTATION SYSTEM 













beyond a chosen value. The other was a pitch compensator to keej) the nose 
level in a turn without requiring pilot inputs. Since this latter system 
required a division by cos ^ wliich becomes very small at large bank angles, 
it Vvas limited to bank angles of less than 45 degrees. There was also a 
limiter on the total pitch rate commanded. This was a function of true 
speed, pitch attitude and bank angle and was used to limit the maximum load fac- 
tor (n ) . This limiter was not used in the evaluations but only tested at a 
L 

load factor of 1.3 g’s in the checkout phase of the flight program. All of the 
extra features in the q augmentation system worked properly and reduced pilot 
workload in these configurations. 


diagram: 


The q augmentation configuration set is illustrated by the following 
Set 2 — Short Aft Tail q Augmentation 



^PCR 


• 50 ft. 

= -10 ft. 


The q augmentation parameters and T ) on Figure 4 were selected to give 

augmented dynamics analogous in an "equivalent system" sense to the short 

period dynamics of the a augmented configurations of set 1. The K gain was 

inversely proportional to d>Taamic pressure, q, to keep the dynamics constant 

when speed changed. The gain calculations were done before the equivalent 

system parameters of Appendix V-A were obtained. Specifically, the value for 

T was arbitrarily set at 1 second and the K gain varied until the pitcli rate 
q q ^ 

time history from a step input reached a maximum at the same time as that for 
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the equivalent a augmented configuration. Actual control system parameters 
are presented in Section 2.2. Figure 5 shows where these configurations appear 
on the MIL-F-8785C short period requirements. Equivalent system analysis of 
these configurations are presented in Appendix V-A. 

In addition to the above configurations, which were flown at their 

respective nominal pilot positions, a few extra evaluations were flown with 

the pilot position shifted. This was done to gather data on the effect of 

initial normal acceleration and altitude cues on the pilot. These were all 

run with T = A: 

pitan 

Short Aft Tail, High a, X =70’, =10’ 

° ‘ mp VCR 

Short Aft Tail, High q, X =110’, X^^^ = SO’ 

^ mp VCR 

The lateral-directional augmentation was set up such that the air- 
plane rolled and turned in response to roll controller commands without induc- 
ing sideslip. The control system design is presented in Figure 5. Actual 
control system parameters are presented in Section 2.2. 


The lateral-directional augmentation system illustrated in Figure 5 

was used to achieve good lateral-directional flying qualities for all the 

configurations. It used = .87 sec with = A (nominal effective time 

^ roll 

delay of the TIFS model-following delay in roxi (..12 sec) and set the pilot 

at Z = -18 ft. 

sp 


A configuration set was planned to explore the flying qualities 
of large space shuttle-type vehicles performing unpowered approaches and land- 
ings and to determine how much the pitch flying qualities of such a vehicle 
would be degraded by time delay in the pitch command channel. Due to the lack 
of time and funds, this experiment was not carried out. However, the results 
of the Short Aft Tail model evaluations are applicable to large shuttle con- 
figurations due to its similarity in normal acceleration response, i.e., with 
the pilot near or aft of the pitch center of rotation. In addition, an extra 
configuration with the approximate shuttle delay (an equivalent time delay of 
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Augments primary derivatives, cancels coupling, uses bank angle for turn 
coordination, feeds back 3 measured as a psuedo inertial signal. 


Figure 5. LATERAL - DIRECTIONAL CONTROL SYSTEM 
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Tj = .36 seconds plus feel system) was evaluated. This is the = C 
pitch 

level plus an extra .11 sec transport delay. The use of a direct lift control 
device for precise flight path control was also investigated with the Short 
Aft Tail configuration. 

Aerodynamic, control, and feel system representation of each of the 
Siiort Aft Tail configurations are presented in the next subsection. Transfer 
function representations of each of these configurations are presented in 
Appendix I. Step input time liistories for pitch, roll and yaw commands for 
each of the Slxort Aft Tail configurations are presented in Appendix II, 
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2,2 


MODEL EQUATIONS OF MOTION, AERODYNAMICS AND CONTROL SYSTEM PARAi-lETERS 


The equations of motion programmed in the TIPS model computer were: 


Force Equations Call angular terms in degrees) 


7 ^ •= - (Q cos - C sin B J - g sin y + — oos aos B- 
I m u I y 1 m 1 j 


where: sin 


In y = cos Bj (oos Uj sin 0 - sin aos 9 aos <^) - sin Bj cos 9 sin 6 
lST.S)qSC^ 


+ 


~ mVj. aos Bj ' Vj. aos ^ ^ 


[aos 0 aos (p aos a_ V- sin 0 sin a^] 

Mr 


+ q _ - tan Bj [Py- cos a, + sin a^] 


ct^ =■ 


. -I 

s^n 


I 7^ aos Br 


T sin O.J. (57.3) 
mV^ aos B^ 


• , 

a _ot 
1 




a_ a 

-T ^ 




;n7 




+ ^cos 9 aos B-^ sin <{! - sin 3 7 - (aos 9 aos 6 sin a 


I 


I 


+ Pj sin O.J. - aos 


- sin 9 aos a^j] 


T aos sin 3 (57. 3 J 

m7l 

1 


8^ = 


'^7 

. -1 ‘I 
— 


j. 


3^ = 37- + 3 ^ 
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Moment Equations (Body axes) 


•I 


(57. 3)qSo 





Pfi 

57.3 



Pj 


(57. 3)qSb 
I 

lyvy* 


[C,l 


+ 




= 
* J 


(57.3)qSb 

I 

zz 




PjPl 

57.3 



Vj \ 

57.3 J 


The non-dimensional aerodynamic coefficients were defined by the 
following equations: 


u 


= 


C + a + C_ a2 -h C_ 5^ + „ (h) 

e „ G.E. 


-h a + 6 + C- 5___ 

L L Ls e L. DLC 

O a 0 Onr/^ 

e DLC 


G.E. 

+ 


2V P- ^ '^G.E.^^^ 

q a G.E. 


C = C + C 5 + C 5 + (C p -h C r) 

1 1 11 1/ jTt 1/ VI 9T/ iit II 




w • w ' o rr \ V 

y. a r 27 y 
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3 6 6 p r 

a i"" _ ^ 

C = C + C Qi + C 5 -h (C q -h C 
m m m m.eEVm m* 

O CL 0 Cl CL 

e ^ 

i- C •/„ „ (h) 

-, ^ G,a, 

Cr«^« 

C = C ^ -h C 6+C 6+~('Cp + CrJ 

n ng n. a n. r 27 

3 6 6 p V 

a r ^ 


The constant physical characteristics for all of the configurations 
are listed below: 


Constant Large Aircraft Characteristics 


Weight (j/) 
Mass (ot) 

Wing area (5) 
Span (b) 
Chord (c) 

I 

yy 

I 

zz 

I 

xz 


= 1,000,000 lb 
= 31,085. slugs 
= 9,060 ft^ 

= 258 ft 
= 35.7 ft 

= 55,000,000 slug-ft2 
= 78,000,000 slug-ft2 
= 127,000,000 slug-ft2 
= 0 slug-ft^ 


All configurations trimmed at: 


V 

IAS 

S 

150 knots 

_pvus 

ss 

253.2 ft/sec 


a 

1/2 o72= 76. 

J'urim 

a 

1.45 

c 

^tpim 


.16 

Thrust^ , 
tvzm 

= 

110,590 lb 


a 

4 degrees 

6 

^tvim 

a 

0 


Elevator, aileron, rudder first order servos: 


. 05s+l 
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The stability and control derivatives for the specific configurations 

were: 

Longitudinal Non-Dimensional Derivatives (All angular coefficients in terms 

of degrees) 


Unaugmented 
Short Aft Tail 


0 


DLC 


'D 


'D 2 

n 

✓ 

m 


m 


m* 


m 


"5 


1.08 
.0916 
.0217 

.003 (1/percent) 

.115 
.0093 
.00046 
-.0643 
.01607 
-.10 
-.39 
-.026 


17 




18 



Ground Effect 


Typical for large transport aircraft 


AC- = .07 F(h) 

^GE 

AC„ = .016 FCn) 

^GE 

AC = -.0038 F(h) 
^GE 

where FCn) is defined from the following: 


h..,r (f-O) 

F(h) 

> 100 

0. 

90 

.02 

80 

.04 

70 

,06 

60 

.08 

SO 

.10 

40 

.14 

30 

.20 

20 

.32 

10 

.SO 

0 

1.00 


F(h) 



Thrust 


Thrust was conmanded collectively through four throttle 
handles which produced thrust lagged by a three-second first-order filter. 
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The control system gains 





V = 140 KIAS 




Lateral-Directional 



Feel System 

In general, the pilots were allowed to select the conunand gains for 
each configuration to be evaluated. The evaluations v;ere nornally started at 
tlie norainal values shown below but for the cases where the pilot requested a 
conunand gain change, the value used is noted in the flight/configuration log 
in Section 4.1. 


Pitch Conunand Gain 

K. (a feedback^ = 2.5 deg/ in 
^EC 

K. (q feedback; = 1.25 

in 

EC 

Roll Command Gain 

K. (-Co = ’37) = 1.5 deg/deg 

K, (T„ = .44) = 3.0 deg/deg 


Yaw Command Gain 


K. = -15. deg/ in 


NOTE: These are nominal values. 

See Flight Log in Sec- 
tion 4.1 for values used 
by each pilot for specific 
evaluations. 




The cockpit controllers consisted of a wheel, column and rudder pedals 
with the following characteristics; 


Pitch — 

% (rps) 

25.0 or 15.0* 


5 C - ) 

.7 


Gradient Ibs/in 

10.0 


Breakout (lbs) 

4.0 


Hysteresis (lbs) 

0 

Roll - 

% Crps) 

25.0 


? ( - ) 

.7 


Gradient (Ibs/deg) 

.5 


Breakout (lbs) 

2.0 


Hysteresis (lbs) 

0 


Max Deflection (deg) 

80,0 

Yaw — 

Crps) 

15.0 


? C - ) 

,7 


Gradient (Ibs/in) 100,0 
Breakout (lbs) 3.S 
Hysteresis (lbs) 0 


*Pilot A flew all configurations with a 25 rad/sec pitch feel system. Pilot B 
flew most of his configurations at 15 rad/sec and a few at 25 rad/sec as indi- 
cated in the Chronological Flight/Configuration log (Table V in Section 4.1). 
Pilot B objected to a feel system chatter that occurred with the 25 rad/sec 
setting when making large force applications. 
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Section 3 

EXPERIMENT MECHAI4IZATI0N 


3.1 EQUIPNENT 

The USAF/Calspan Total In-Flight Simulator (TIPS) was used as the 
test vehicle in this experiment, TIPS is a highly modified C-131 (Convair 
580) configured as a six degree-of -freedom simulator (Figure 6 ) . It has a 
separate evaluation cockpit forward and below the normal C-131 cockpit. 
y\fhen flown from the evaluation cockpit in the simulation or fly-by-wire mode, 
the pilot control commands are fed as inputs to the model computer which cal- 
culates the aircraft response to be reproduced. These responses, along with 
TIPS motion sensor signals, are used to generate feedforward and response 
error signals which drive the six controllers on the TIPS (Figure 7). The 
result is a high fidelity reproduction of the motion and visual cues at the 
pilot position of the model aircraft. A detailed description of the TIPS 
can be found in Reference 2. 

3.2 SIMULATION GEOMETRY 

The TIPS motion system was configured to reproduce the model’s 
motion at the evaluation pilot's eye point as if the TIPS were positioned 
as shovm in Figure 8 . In this sketch, the model is shown in its approximate 
attitude at touchdown. 

Approaches were made to a simulated touchdown v^ith the evaluation 
pilot at his proper eye height. The TIPS wheels at this altitude were approx- 
imately 29 feet above the ground. Altitude was measured by a radar alti- 
meter mounted on the underside of the TIPS fuselage. Equations relating this 

measured altitude {h ) to the model wheel height and TIPS wheel height 

ri Wti 

(n^) are given below. 

h„ = h + 21.3 sin d - 6.7 aos 6 

1 ri 

\’H ” h - Bin e - ,,, 9 
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TURBULENCE 

CROSSWIND 


TIES 



1 — . 

MODEL 



CONTROLLER 


PILOT ^ 

AERO & CONTROL 

RESPONSE 

FEEDFORWARD 

1 tUmAMUb 

_t/0, ^ 

TIPS 

COMMANDS 

MODEL 



GAINS 


1 


ERROR 

FEEDBACK 

GAINS 


4 RESPONSE ERROR 



TIPS 

RESPONSE 


Figure 7- TIPS MODEL FOLLOWING SIMULATION 










Vtfas altitude called out and displayed to evaluation pilot on his verti- 
cal tape). The primary distances of interest are defined in Table II and III. 

To obtain responses of the model at the TIPS C.G., a point 33.9 feet 
aft of the evaluation cockpit, (about which the model following is actually 
done) transformations were performed on the following model variables to shift 
tliem to the TIPS C.G.: V, a_, a. An , An , g_, 3, , n . Once TIPS fol- 

tr f 

lows these responses at its own C.G., the pilot’s sensed accelerations should 
also follow even though n and n are not explicitly used in the model fol- 
lowing system. This is true because all of the parameters that make up the 

accelerations (n , n , b, k, b, 7) are matched and the geometry is fixed. 

^CG '^'CG 

3.3 EVALUATION COCKPIT CONPIGURATION 


The evaluation cockpit was configured as illustrated in Pigure 9 . 
The four throttle levers were active and commanded the total thrust of all 
four engines on the model without any yawing moment effects, i.e., each 
throttle lever controlled one fourth of the input to the total thrust compu- 
tation. This provided a large airplane feel without added computational 
complexity. 

The cockpit instruments were generally as shown in Pigure 10. Not 
shown in Pigure 10 but included on this program were a horizontal meter be- 
tween the ADI and the HSI displaying sideslip angle and a vertical meter to 
the right of the HSI displaying angle of attack. Raw glide slope error was 
displayed as a vertical bug motion on the left side of the ADI. Raw local- 
izer was^shown on the localizer needle on the HSI. Rate of climb and radar 
altitude were displayed on the tape instrument to the right of the ADI. 
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TABLE II 
PILOT POSITION 

(All in body axis except Z ^ in stability axis @ a = 4°, and in ft) 

MP — model C.G, to pilot 

mCG - model C.G. to TIPS C.G. 

^PCR ~ pilot location relative to center of 
rotation for pitch commands (+) Fwd. 

C-) Aft 

SP *“ location relative to X-stability 

axis. (-) Above X-axis. 


Configuration 



'^a-fTCG 

^MTCG 

B 

^SP 

Base Short Aft Tail 

— 

50 

-14.5 

16.1 

-11.7 


-18 

(pilot § 50') 





Mi 


Short Aft (pilot @ 70') 

70 

-13.1 

36.1 

-10.3 


-18 

Short Aft (pilot @ 110') 

110 

-10.0 

76.1 

- 7.2 


-18 


TABLE III 

MODEL IfflEEL POSITION 

MGR = model gear to TIPS radar altimeter 
MGP = model gear to pilot 


Configuration 

^MGP 

^MGP 

^MGR 

^MGR 

- TIPS Gear 
Height @ T.D. 

h 

eye 

Short A.£t(X^^ - 50') 

n 

34.5 

B 

34.5 

29 

43 

Short Afta,^ =70') 

l-dP 


33.1 


33.1 

29 

43 

Short Afta,„ = 110') 
I'lP 

B 

30.0 


30.1 

29 

43 
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Figure 10 . CAPTAIN'S INSTRUMENT PANEL IN EVALUATION COCKPIT 
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Pitch and roll trim controls were combined in a wheel-mounted thumb 
switch. The rudder trim control was a switch on the center console. 

A Collins flight director, installed in the TIPS, was used during the 
IFR portion of the evaluation task and drove the command bars on the ADI. 

3.4 EVALUATION PROCEDURE AI'ID TASK DESCRIPTION 

The subject aircraft in these evaluations was a very large Class III 
military transport which was evaluated in the terminal area flight phase. 

The evaluation tasks consisted of the following elements: 

• Up-and-away airwork (Specific evaluations of up-and-away tasks 
were eliminated after the second evaluation flight to allow more 
time for approaches. Thereafter, the pilot was allowed to briefly 
sample the up-and-away characteristics of the configuration be- 
fore the first approach and on the downwind leg between approaches.) 

Trimmability 

Maneuvering about level flight 
Airspeed changes 
Altitude changes 

« Specific landing approaches aided by flight director information: 

- Localizer offset 
Crosswind 
Turbulence 

Precise touchdown parameters 

The landing approach evaluation task, following the brief airwork, 
consisted of the following: 
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Precision tracking of the ILS beam, preceded by a "capture" seg- 
ment beginning beyond the outer marker and at an angle between 30° 
and 45° to the beam. The evaluation pilot was under a hood during 
the simulated IFR approaches until the final portion starting from the 
middle marker at an altitude of approximately 300 feet down to the 
completion of the task. This latter portion of the approach , includ- 
ing flare and a simulated touchdown at proper model eye height of 
43 feet, was to be completed visually. Precise simulated touchdo\>ns 
were to be attempted. Acceptable landings were defined to be within 
a 1000 foot zone centered 1000 ft from the threshold of the runway 
with a low sink rate (<5 ft/sec). Touchdovvn was signaled by a tone 
over the intercom and a signal light. 

The task was made more difficult with the addition of localizer 
offsets and artificial or natural atmospheric disturbances of crosswinds and 
turbulence. 


The localizer offset was a constant 1.5 degree or 1.2 dot angular 
offset that translated to a 400 ft lateral error at the breakout altitude 
of 300 feet. This forced the pilot to make lateral-directional corrections 
so all of his attention was not kept on the longitudinal task. 

The crosswind was added or canceled out with tlie TIPS sideslip mis- 
match capability. This capability is limited to a S of .1 radian, equiva- 
lent to a 15 knot change in the apparent crosswind at an airspeed of 150 knots. 

Turbulence was also added to disturb the model's response. It was 
desired to have a light to moderate level of turbulence during each evalua- 
tion. When the natural level of turbulence was at this level, it was meas- 
ured and introduced into the model's aerodynamic equations through and 
components added to the inertial and Bj signals to form the total signals 
and By IVhen the natural level of turbulence was less than this, artifi- 
cially generated turbulence was introduced into the model. The turbulence 
signals recorded on an FM recorder are filtered Gaussian white noise. The 
filtered noise approximates a Dryden model of turbulence at one specific 


31 



altitude and speed. The filter characteristics were chosen to duplicate the 
power spectrum of turbulence at 330 feet and 150 KIAS. The a or vertical 
turbulence had a break frequency of .75 rad/sec (.,12 Hz) and the B or lateral 
turbulence had a break frequency of .25 rad/sec (.04 Hz). The standard devi- 
ation of the artificial turbulence components were set at the following 
values to simulate moderate turbulence: 

a = 1.13 deg (5 ft/sec) 

a. = 2.0 deg (8.7 ft/sec) 

% 

Usually three approaches were floivn for each evaluation of a con- 
figuration. The first was a long ILS approach as previously described. The 
400 foot localizer offset was inserted. Crosswinds were canceled to let the 
pilot concentrate on the longitudinal control in flare and touchdown. The 
second and third approaches were usually visual, starting from an altitude of 
approximately 1000 feet above the ground on the downwind leg. The second ap- 
proach had no localizer offset but had the IS-knot crosswind inserted. The 
third approach had both localizer offset (if it was an ILS) and the 15-knot 
crosswind inserted. All approaches had turbulence added to approximate a mod- 
erate level of intensity. The localizer offset and crosswinds were randomly 
alternated left or right. The evaluation pilot was allowed to choose a fourth 
approach at his discretion, 

3.5 PILOTS AND EVALUATION SUMMARY 

Two evaluation pilots participated in this flying qualities investi- 
gation. Both of them are Calspan Research Pilots with very extensive exper- 
ience as flying qualities evaluation pilots. They are also flying qualities 
instructors at the Air Force and Navy Test Pilot Schools, demonstrating 
stability and control characteristics with Calspan' s variable stability air- 
craft. Pilot A's flight experience of 7500 hours includes 750 hours in 
Class III aircraft. He was also an evaluation pilot in Calspan's space shuttle 
orbiter simulations. Pilot B's flight experience of 5500 hours has been in 
a wide variety of aircraft. 
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The two pilots performed a total of 90 evaluations of 55 different 
configurations (12 of which dealt with the Short Aft Tail configurations) dur- 
ing the evaluation phase of the flight program. A total of 260 approaches 
were made. Twenty-four flights of approximately two hours each v;ere flown. 

The distribution of flights and evaluations between the pilots was as follows: 


! 

1 

Pilot A 

Pilot B 

Total 

Short Aft Tail 

Total ■' Short Aft Tail ^ 

|Flights 

' 18 

4 

6 2 

Evaluations 

62 

12 

28 8 

Configurations 

53 

10 

25 7 

Approaches 

186 

38 

74 21 


3.6 PILOT COMMENT CARD AND RATING SCALES 

The evaluation pilots were briefed on the general experiment pur- 
poses and evaluation procedures before they flew. They were informed as to 
whether longitudinal or lateral -directional handling qualities were the prime 
subject of an individual evaluation. In addition, they were told which of 
the basic aircraft configurations (Long Aft Tail, Canard, Short Aft Tail) they 
were flying. It vvas believed that their control technique might have had to 
be changed for each one, and that they should know their location with respect 
to the main landing gear. 

The pilots were asked to make brief comments on the configuration 
after each approach as the safety pilots were setting up the TIPS for the next 
approach. These comments were informal and covered initial impressions. After 
all of the approaches for an evaluation were completed, the evaluation pilot 
made his formal comments and pilot ratings. His comments followed the Com- 
ment Card shown in Figure 11. If the configuration was a lateral-directional 
evaluation, he also gave comments on the points shown on the B section of the 
Comment Card, After the formal comments, the pilot gave one Cooper-Harper 
rating (Figure 12) that covered all flying qualities in the landing approach 
task. In addition, a Pilot-Induced Oscillation (PIO) Tendency Classification 
(Figure 13) was given. 
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A 


LONGITUDINAL CONFIGURATIONS 


1. Feel 

forces, displacements? 
pitch sensitivity? - trim? 

2o Pitch attitude response to inputs required to perform task 
initial response 

predictability of final response 

- special pilot inputs? 
tendency towards PIO? 

3. Airspeed control 

4. Approach performance 

ILS: glideslope, localizer, throttle 

- visual approaches (sidestep maneuver) 

5. Flare and touchdown performance 

problems? - any special control techniques? 

6. Differences between approach and landing tasks 

significant? - most difficult task? 

7. Effects of turbulence/wind 

8. Lateral-directional characteristics: a factor in evaluation? 

9. Summary (brief) 

major problems - good features 

10. Cooper-Harper Pilot Rating (separate ratings for different tasks 
if possible) - PIO rating. 

B. LATERAL-DIRECTIONAL CONFIGURATIONS 

1. Roll control authority 

2. Roll control sensitivity 

3. Roll response in general 

4. Roll tendency to overshoot 

5. Heading response 

a. turn entry 

b. roll out of turn 

6. Tendency to sideslip for roll maneuvers 

7. Rudder control 

a. power 

b. sensitivity 

8. Tendency of A/C to maintain bank angle 

9. Roll-pitch control harmony 

10. Other comments — ride quality 

— initial accelerations vs, steady state 

— turbulence effects on ride quality 

— magnitude of inputs before accelerations become 
unsatisfactory or unacceptable 


Figure 11. PILOT COMMENT CARD, APPROACH AND LANDING 

34 




HANDLING QUALITIES RATING SCALE 


ADEQUACY FOR SELECTED TASK OR 
REQUIRED OPERATION* 



AIRCRAFT 

CHARACTERISTICS ^ 

DEMANDS ON THE PILOT 1 

IN SELECTED TASK OR REOUIRED OPERATION* R 

Excellent 
Highly desirable 

Pilot compensation not a factor for n 

desired performance y 

Good 

Negligible deficiencies 

Pilot compensation not a factor for H 

desired performance Q 

Fair — Some mildly 
unpleasant deficiencies 

Minimal pilot compensation required for 9 

desired performance g 


PILOT 


Maior deficiencies 


Control will be lost during some portion of 
reouired operation 


Minor but annoying 
deficiencies 

Desired performance requires moderate 
pilot compensation 

Moderately objectionable 
deficiencies 

Adequate performance requires | 

considerable pilot compensation | 

Very objectionable but 
tolerable deficiencies 

Adequate performance requires extensive 1 

pilot compensation I 


Major deficiencies 

Adequate performance not attamaoie with ! 

maximum tolerable pilot compensation 
Controllability not m question 

Major deficiencies 

Considerable pilot compensation is required 
for control 

Major deficiencies 

Intense pilot compensation is required to 
retain control 



Cooper Harper Ref NASATNO StS3 


* Oeliniiion of required operation involves oesignaiion of flient pnase and/or 
suopnases witn accompanying conditions 


Figure 12. CCOPER-HARPER HAI4DLING QUALITIES RATING SCALE 
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Figure 13.. PIO TENDENCY CLASSIFICATIOfl SCALE 
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Pilot commentary and ratings were recorded on a tape recorder in 
flight. These comments were transcribed and are available from Calspan files. 
Summaries for the Short Aft Tail configurations are presented in Appendix III. 

3.7 DATA RECORDING 

A 58-channel digital recorder was used to record signals of interest. 
These included: 

1. Pilot command inputs 

2. Control surface notions 

3. Aircraft states — model and TIPS 

4. Localizer and glideslope deviation 

5. Radar altitude 

6. Turbulence inputs 

A specific list of recorded variables is presented in Appendix VL« 

3.8 MODEL-FOLLOWING VERIFICATION 

Samples of model-following responses are shoim in Figures 14 through 
17. These include pitch and roll automatic steps and typical approach records. 
The .06 sec and ,12 sec model-following delay in pitch rate and roll rate, 
respectively, can be seen. The longitudinal approach record shows a PIO 
developing with the Short Aft Tail configuration. Most of the higher frequency 
differences between the model and TIPS responses are due to natural turbulence 
which was not inserted into the model on these records. There were some 
errors in angle of attack model-following, especially in turns, whidi was 
later traced to air data computational errors in the TIPS sensor system. 

However, these problems did not affect the model following of the primary var- 
iables of pitch rate and normal acceleration. Early in the evaluation program, 
due to the sensor problem, the model was given an erroneous low dynamic pressure 
at the system engage point. This forced the model to trim at a slightly higher 
angle of attack than desired. This would put the model further aft on the back- 
side of its power required curve. This complicated the airspeed control task 
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on a few approaches which was already difficult due to slow model thrust re- 
sponse. The evaluation pilots noted the approaches on which they had these extra 
airspeed control problems and attempted to ignore these effects when rating the 
configurations . 
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Figure 14. MODEL FOLLOWING - PITCH STEP CANARD 
HIGH a, T, = A, FLT 604, REC 27 




Figure 15. MODEL FOLLOWING ROLL STEP = .87, 

= 18 FT, T, = A, FLT 604, REC 28 
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Section 4 

EXPERIMENT RESULTS Af4D ANALYSIS 


4.1 INTRODUCTION 

The results of the Large Airplane flying qualities experiment covering 
the shuttle-like Short Aft Tail configuration are presented in this section. 

The data obtained from the experiment are in the form of pilot ratings and 
pilot comments. Correlations of pilot rating with the various experimental 
variables are presented. Pitch attitude, pilot/aircraft control-loop analysis 
was performed to correlate witli the data, A multi-loop analysis of pitch atti- 
tude and altitude control is also presented. Finally, a discussion of the 
turbulence response is given. 

Tlie pilot comment summaries from the evaluated configurations were 
too lengthy to include in this section and are presented in Appendix III. 

Tlie appendices also contain additional data correlations and analyses which 
were carried out. These include equivalent system analysis in Appendix V-A, 
time history criteria for pitch rate response in Appendix V-B, and open-loop 
aircraft and aircraft plus uncompensated pilot analysis in Appendix V-C and 
V-D. 


As an aid in following the analysis in this section, a Configuration- 
Flight Index, along with a Chronological Flight/Configuration Log (Tables IV 
and V) are presented. Only the Short Aft Tail configurations are shown. This 
will allow one to determine on which flight a specific configuration was 
flown, pilot, order of configurations flown, number of approaches, pilot 
ratings, and any special remarks for that configuration presentation. In 
addition. Tables VI and VII present a listing of the pilot ratings and PIO 
ratings in a summary form. 
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TABLE IV 

CONFIGURATION - FLIGHT INDEX 



Flight/Pilot 1 

Configuration 

(All longitudinal config's flown with 

Level of Delay 


A 

B 

c 

Short Aft Tail Med a 

619/A 

61S/B, 618/A 
630/ k 

with DLC 630/A 
619/A 

615/B, 619/A 
630/A, 631/B, 
with DLC 629/A 

629/A, 631/B 

629/A, 631/B 

631/B 



615/B, 618/A 
619/A 

631/B 

(.T^=,35) 

High a 

Med q 
High q 

High q = 70’) 

High q = 110') 

Ex-High q 

- — 


til 
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CHRONOLOGICAL FLIGHT/CONFIGURATION LOG 



1980 







FLT 

DAT1-: 

CONFIGURATION 

PILOT 

PR 

PIOR 

APP'S 

OTHER REMARKS 

1 







All at Niagara and nom- 
inal gearings except as 

615 

7/31 

Shoit aft, high a, = A 

B 

10 

4 

1-ILS, 3-VIS 

notedo 



Sliort aft, med a,T^ - B 

8 

10 

6 

1-ILS, 1-VIS 




Short aft, high q, = A 

B 

6 

3 

1-ILS, 1-VIS 

Pilot B flew with 15 








rad/sec pitch feel 
system. 

618 

8/4 

Short aft, liigh a, = A 

A 

9 

5 

1-ILS,2-VIS 

1.3 X nominal gearing. i 



Short aft, med a, Tj = B 

A 

10 

5 

1-ILS, 1-VIS 

1„3 X nominal gearing. 

619 

8/4 

Sliort aft, high a, Tj = B 

A 

10 

6 

1-ILS, 2-VIS 

2.0 X nominal gearing. 



Short aft, med a, = A 

A 

10 

5 

1-ILS, 2-VIS 

No G/S guidance. 



Sliort aft, med q, T- = A 

A 

9 

4 

1-ILS, 2-VIS 

2 X nominal gearing, at 








Rocliester. 



Short aft, high q, = A 

A 

9 

4 

1-ILS, 2-VIS 

at Rochester 

629 

8/12 

Short aft, high q^ T^=A^X^=?0* 

A 

5 

1 

1-ILS, 2-VIS 

at Buffalo. | 



Short aft, high q, T^=A,X -110 

A 

4-1/2 

1 

1-ILS, 3-VIS 

at Buffalo. 



Short aft, high q, T^=A, DLC 

A 

5 

2 

1-ILS, 4-VIS 


630 

8/13 

Short aft, high q, = A 

A 

5 

3 

1-ILS, 2-VIS 

1.5 X nominal gearing. 



Short aft, high a, - A 

A 

8 

4 

1-ILS, 2-VIS 

1.3 X nominal gearing. 

-4. 

■ 

Short aft, high a, T^=A, DLC 

A 

6 

3 

1-ILS, 3-VIS 

1.3 X nominal gearing. 











TABLL V (CONTM)) 

CHRONOLOGICAL FLIGHT/CONFIGURATION LOG 


FLT 

1980 

DATL 

CONFIGURATION 

PILOT 

PR 

PI OR 

APP'S 

OTHER REMARKS 










All at Niagara and nom- 
inal gearings except as 
noted o 

631 

8/14 

Short 

aft. 

high (/, T^=A^X^=7u- 

» 

8 

3 

1-ILS, 2-VIS 




Short 

aft. 

higli q, = .35 

B 

9 

4 

1-ILS, 2-VIS 

Ihluivalent shuttle 
del ay/ lag 



Short 

aft. 

Fx-Hi q, Tj = A 

B 

4 

2 

1-ILS, 1-VIS 




Short 

aft. 

high q, T^=-A^X^=210' 

B 

3 

1 

1-ILS, 2-VIS 




Short 

aft. 

high q, = A 

B 

4 

2 

1-ILS, 1-VIS 

at Buffalo, 1,5 x nom- 
inal gearing. 












TABLE VI 

COOPER-HARPER PILOT RATINGS (PR) 


CONFIGURATION ** 

(All longitudinal config's 
flown with = .8 ? 3 

^roll 



LEVEL OF 

DELAY (T^) 


A 

B 

C 

Pilot A 

Pilot B 

Pilot A 

Pilot B 

Pilot A 

Pilot B 

Short Aft rjed a 

10 


10 

10 



=80' 

(DLC) 






=-10' “ 

9,8,6'" 

10 

10 




VCR 







Med q 

9 







(DLC) 






High q 

9,5,5'" 

6,4 




9 (f =.35 









5 

8* 





VCR ' 







, (X =110'\ 
High ql mp ] 

4-lf2 

3 





\x„=50 ' / 














Ex-Hi q 


4 






*First configuration flown after one week non-flying, said may have been biased 

against all short aft configurations at start of flight. 

*‘'Pitch feel system: Pilot A - = 25 rad/sec 

Pilot B - 0 ) ' = 15 rad/sec 
n 
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TABLE VII 


PILOT-INDUCED OSCILLATION RATINGS (PIOR) 


CONPIGUR/XTION ** 

All longitudinal config’s 
flown with = ,87j 

LbVLL OF DELAY (Y’^) 

A 

B 

C 


Pilot A 

Pilot B 

Pilot A 

Pilot B 

Pilot A 

Pilot B 

Short Aft Med a 

5 


5 

6 


- 

High a 

(DLC) 

5,4,3^ 

4 

6 




Med q 
High q 

4 

(DLC) 

4,3,2'" 

3,2 




4 (T^=.3i 

High q 

1 

3 





High q 

1 

1 





Ex-Hi q 


2 






**Pitch feel system: Pilot A ** - 25 rad/sec 

Pilot B - = 15 rad/sec 

fi. 
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4.2 


PILOT RATINGS VERSUS EXPERIMENT VARIABLES 


The primary variables in the Large Airplane experiment were: 

• Pilot location with respect to pitch center of rotation. 

0 Augmentation schemes — a-feedback and (^-feedback with propor- 
tional plus integral command to yield attitude hold. 

0 Level of augmentation. 

0 Time delay — produced by model-following lags and inserted 
prefilters and pure time delays. 

The effect of these parameter variations on pilot ratings are shown 
in Figures 18 through 24, On some of these figures, results from the Long 
Aft Tail and Canard configurations are sho;vn to highlight contrast between 
the Short Aft Tail configurations and more conventional configurations. 

The total effective time delay, was measured by the maximum 
slope intercept method from computed time histories. It includes the feel 
system, added lags or delays, model control system, airplane model, and TIPS 
model following delay. Appendix V-B presents a tabulation of t- for tlie 
pitch configurations. 


a 
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IOt O 


94 


■ 



□ 


Pilot Rating shown for 
T^ = A 

High Augmentation Level Only 
• a- Feedback 
■ q- Feedback 

Pilot A = Closed Symbols 
Pilot B = Open Symbols 


c 

fT3 

CC 

+J 

o 


74 


6 4. 


5 4 


24 


1 J- 


□ 

•(DLC) 


CDLC) 


4 4 ° 


3 4- 


■ 

□ 


! ! t I 


I I 


Short Aft Short Aft Long Aft Short Aft Canard Long Aft 


hiP - 5°' 




= 70' ;i:, 


MP 


= 50' = 119' 




I 1 1 1 1 \ 1 1 1 1 1 f- 

-10 0 20 40 60 80 lUU 

-v Distance from Pitch Center of 
Rotation to Pilot Position, ft 




I 

■ 

o 


I 

Canard 
= 110' 

H 1 ^ 

120 


Figure 18. PILOT RATING VS PILOT POSITION - CENTER OF ROTATION 

rOti 
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Pilot Rating Pilot Rating 



.10 .12 .14 .16 .18 .20 .22 .24 .26 .28 .30 


Effective Time Delay, sec 


Figure 19. PILOT RATING VS EFFECTIVE TIME DELAY -MED. a FEEDBACK 



.10 .12 .14 .16 .18 .20 .22 .24 .26 .28 .30 

-V Effective Time Delay, sec 

Figure 20. PILOT RATING VS EFFECTIVE TIME DELAY -HIGH a FEEDBACK 
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Pilot Rating 



.10 .12 .14 .16 .18 .20 .22 .24 .26 .28 .30 .32 


Effective Time Delay, sec 

Figure 21. PILOT RATING VS EFFECTIVE TIME DELAY - MED <? FEEDBACK 
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Pilot Rating 


Figure 22. PILOT RATING VS 
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Med a High a Ex-High a 

Figure 23. PILOT RATING VS LEVEL OF AUGMENTATION -a FEEDBACK 



Low q Med q High q Ex-High q 

Figure 24. PILOT RATING VS LEVEL OF AUGMENTATION -q FEEDBACK 

54 





4.2.1 


Longitudinal Results 


One point that should be brought out before going into the longi- 
tudinal results is that many of the test points were down-rated for airspeed 
control problems due to slow thrust response and backside operation, and not 
pitch dynamics. There were very few cases in the overall experiment where 
pilot ratings of better than 3 were received even when there were no problems 
with pitch control. There may have been a one to two point degradation in 
pilot rating due to tliis speed control problem. 

Figure 18 shows how pilot ratings v^ere affected by the variation of 
pilot position with respect to pitch center of rotation. The pilot position 
was changed from ten feet aft of the center of rotation to 50 feet forward 
in the Short Aft Tail configuration. Data is also shovvii for the Long Aft 
Tail and Canard configurations. Data is presented in this figure for only 
the high level of augmentation cases and witli time delay level = A. There 
IS a definite trend towards better ratings as the pilot is positioned fur- 
ther forward of the center of rotation. This is more strikingly shown on 
some of the following figures where pilot ratings versus effective time de- 
lay and levels of augmentation are presented. 

This large variation in pilot ratings for configurations that were 
essentially the same except for pilot position is partly the effect of visual 
perception of rate of climb and altitude at the pilot position when near the 
ground and partly the effect of normal acceleration felt by the pilot. These 
cues are the normal acceleration at the pilot station and essentially the 
integrations of it. Normal acceleration at the pilot station is defined by: 



Figure 25 presents the normal acceleration and altitude step responses for 
the three pilot locations, each for the High a-augmentation level. The dis- 
tances from the center of rotation to pilot position are +50, +10, -10 feet, 
respectively, for these configurations. It can be seen that the +50 config- 
uration has a much larger initial kick than the +10 configuration. The 
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-10 configuration produces a non-minimum phase shape with the response ini- 
tially going slightly negative before going positive and matching the other 
responses near three seconds into the time history. It is near one and 
one-half seconds into the response before the pilot can actually see his 
altitude change. The pilot comments clearly indicate that the pilots per- 
ceived this. With the +50 configuration, the pilots found they could fly the 
airplane more "naturally," the response felt more crisp and fine corrections 
in sink rate near touchdoivn were more easily made. The better perceived con- 
trol over rate of sink, especially in the flare, overcame some of the problems 
related to the low short period frequency. The -10 ft configuration was de- 
scribed as "very sluggish and delayed" even with the high augmentation levels 
and no extra lags or delays added. The ILS and VFR tracking away from the 
ground was described as "all right" but as soon as the pilot acquired outside 
cues for references in flare and touchdown, the control deteriorated. Many 
times, PIO’s resulted. Comments indicated precise control of sink rate near 
touchdown was very poor or impossible. All of the pilot's attention was de- 
voted to the altitude and rate of sink task with the touchdovm point and 
lateral-directional task ignored many times. 

The effect of time delay on pilot ratings had the expected overall 
trend (Figure 19-22) . As the effective time delay (measured from the maximum 
slope intercept method — see Appendix V-B) increased from a level near .14 
seconds to .35 seconds, pilot ratings degraded. The degree of degradation ex- 
hibited in the overall experiment vvas less than expected based on experience in 
the landing experiment of Reference 6. The degrading effect of time delay may 
not be as strong due to the low level of agility demanded by the pilots in 
this experiment. The task was to land a one-million pound transport aircraft 
with low turbulence response and strong ground effect. These characteristics 
and the low agility demanded by the pilot combine to yield an aircraft which 
can be landed using a significantly different technique than that required 
to land smaller aircraft. One of the pilots said he used a "learned" or 
"precognitive" attitude time history as reference for attitude control. This 
consisted of maintaining attitude constant until a certain wheel height and 
then to make a specific noseup change of attitude, independent of sink rate 
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or altitude, which he had learned would result in a good flare and acceptable 
sink rate at touchdown. He depended on the ground effect to provide a signi- 
ficant amount of the lift required to arrest the sink rate. He claims tliis 
teclinique is more open loop in terms of use of h and h. cues than the technique 
used to land smaller aircraft. With the control technique used, which is char- 
acteristic of very large aircraft, the pilot is more tolerant of, or less 
sensitive to, time delays inserted in the command path. Tins is discussed fur- 
ther in Section 4.5. The Short Aft Tail design with a-augmentation v;as rated 
poorly even with the low level of time delay. The effect of increasing the 
time delay was not evident for these configurations. 


Part of the reason for the increased tolerance to control system 
lag and delay that vvas exhibited in this experiment when the pilot was located 
large distances ahead of the center of rotation is thought to be attributable 
to the fact that the pitch acceleration response, although delayed, is ampli- 
fied and "displayed" to the pilot as normal acceleration.' The amplified initial 
normal acceleration response is easily perceived by the pilot and provides the 
needed confirmation cue that the airplane is responding to the pilot's control 
action. 


For the = -10 ft Short Aft Tail configurations, there are many 

FCR 

points in the Level 2 region which have pilot ratings worse than 6.S even for 
the minimum time delay. Again, it appears that the pilot position aft of the 
center of rotation causes this. There were pilot comments describing delayed 
response and altitude control problems in flare when there was no extra lags 
added. The Short Aft Tail configurations for which extra lags and delays were 
inserted in the command path received pilot ratings of 9 and 10 and PIO ratings 
of 4, 5, and 6. These latter configurations were similar to A' _ = +10 and 
+50 configurations (except for the changes to move the pilot position with 
respect to the center of rotation) which received pilot ratings of 4.5 and 5 
and PIO ratings of 1 from Pilot A. 


Pilot ratings versus level of augmentation are presented in Figures 
23 and 24 for a and q augmentation, respectively. There is a slight trend 
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towards better ratings as the a augmentation level is increased. The trend to 
better ratings is much more pronounced with the q augmented configurations. With 
the a augmented configurations, as the feedback was increased, the short period 
frequency increased to high values making the configuration stable and then in- 
creasingly quicker and responsive. However, along with the higher level of static 
stability came some non-beneficial characteristics. Large forces were required 
to hold speeds off of trim and to keep the aircraft level in turns where large 
angle of attack changes were necessary. In addition, as the stability in- 
creased, so did the turbulence response as discussed in Section 4.6. The 
pilots commented that these higher augmented configurations had better ini- 
tial response characteristics but did not seem to hold attitude and predicta- 
bility of final attitude was not as good as desired. Attitude, airspeed and 
flight path control required high workload in turbulence. 

The a-augraented airplanes tended to hold a and, in turbulence and 
ground effect, there vvas considerable low frequency variation of attitude and 
airspeed which required increased pilot attention and workload to control. The 
airplanes were repeatedly described as ponderous in the IFR approach and diffi- 
cult to control during flare and touchdown. The phugoid mode becomes more no- 
ticeable and is likely the cause of these observations and tlie pilot ratings 
of the CL configurations. 

The q-augmented configurations generally had better pilot ratings 
and comments than the a-feedback configurations as the level of augmentation 
increased. [ An exception is the Pilot A evaluation of the High q-configuration 
performed on 8/4/80. (See Pilot Comments on page III-15.) This evaluation was 
performed witli a tailwind and may have been influenced by wind sliear.] The primary 
reason for this is the attitude-hold feature for these q-feedback configurations. 
This made precise control of pitch attitude much easier near touchdown because 
the control system rejected pitch disturbances due to ground effect. The pilots 
could make a small input and know where the final attitude would be. This was 
especially helpful with the X = -10 ft Short Aft Tail configuration which did 
not provide the necessary motion cues to tell the pilot he had made the proper 
corrections. He could learn to fly witn an open-loop technique making small 
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occasional pulse-like inputs to correct flight path errors. The pilots were 
favorably inpressed witli the level turn feature without pitch inputs in the 
q--augnented configurations. Tins completely elininated the fatigue resulting 
from turning maneuvers with the higher a-augnented configurations. Turbulence 
resporise, which is discussed in Section 4.6, was also much less with these q- 
feedback configurations due to the low static stability of the basic airplane 
and the tendency of the control system to hold attitude and zero pitch rate, 
iv'lien the pitch rate augmented airplanes were "trirnied" and the pilot had the 
rigiit tlirust setting, they tended to hold airspeed very well, even in turbulence. 

4.2.2 Lateral-Directional Results 


Generally, the lateral-directional cliaracteristics were not a factor 
in the evaluations. Turns were automatically coordinated, so sideslip and the 
Dutch roll mode were not excited with roll inputs. There were some complaints 
due to the low Dutch roll frequency (.5 rad/sec) which made the pilots call 
the configuration "ponderous" when they had to use yaw control as in the 
sidestep maneuver, and crosswind and turbulence corrections. 

4.3 PITCH ATTITUDE PILOT/ AIRCRAFT CONTROL LOOP ANALYSIS 

4.3.1 Introduction 


Analysis of the pitch-attitude pilot/ aircraft control loop was per- 
formed on the evaluated configurations. These included open-loop analysis of 
the aircraft alone without pilot: Q/F^ j open-loop analysis of aircraft plus 

tub 

pilot without any pilot compensation: 9/9^ Cno compensation), and closed-loop 

analysis of entire pitch attitude control system with pilot compensatson. The 
pitch attitude control loop structure is shown in ."igure 26. Results from 
the open-loop aircraft configuration and uncompensated pilot analysis is pre- 
sented in Appendix V-C and V-D. The closed-loop analysis is presented here. 
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Figure 26. PITCH ATTITUDE CONTROL LOOP STRUCTURE 


The analysis is derived from the work by Neal and Smith reported in 
Reference 5. The basic approach is to model the pilot-airplane pitch attitude 
control loop as a unity feedback system with a pilot model of an assumed form 
in the forward loop. The form of the assumed pilot model permits accounting 
for the following characteristics exhibited by pilots when controlling dynamic 
systems : 

• Adjustable gain. 

• Time delay. 

• Ability to develop lead or to operate on derivative or rate in- 
formation. 

• Ability to develop lag or to "smooth" inputs. (Lag was not used 
on the configurations investigated because of their low fre- 
quency characteristics) . 

• Ability to provide low frequency integration. 

The form of the pilot model defined below accounts for the observed 
capabilities and limitations of the pilot with sufficient accuracy to permit 
approximate analysis of the dynamics of the closed-loop, pilot-airplane system 
in pitch. It should be emphasized that it is not necessary for the pilot model 
to be an exact analog of the human pilot for it to be useful in the context of 
a design criteria. The design criteria is based on the hypothesis that if good 
closed-loop dynamic performance can be achieved with an autopilot of the form 
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described by the assumed pilot model, then the human pilot will also be able 
to achieve good closed-loop dynamic performance. 


The pilot model used is: 



= K e 
9 


-.25s ( 5s+l \ 


\ 




The gain, , is in the units of pounds/rad, 

- 25s 

The e * term accounts for time delay in the pilot’s neuromuscu- 
lar system. The value of 0.25 sec. is based on delays observed in records 
for the discrete tracking task performed in References 5 and 6 . These 
records exhibit delays ranging from 0.20 to 0,40 seconds. The value of 0.25 
was selected on the basis of cut and try data correlation and is interrelated 
with the bandwidth frequency that is specified for a given flight phase or 
task. 


The term provides low frequency integration capability. A form 

s 

of the pilot model without this term can be used when constant speed or two 
degree-of-freedom equations are used to represent the airplane. In that case, 
the airplane transfer function should have a free s in the denominator and low 
frequency integration by the pilot will not be necessary, IVlien three degree- 
of-freedom equations are used, as is the case in the present analysis, or when 
the flight control system uses high gain attitude stabilization, it may be 
necessary for the pilot model to perform low frequency integration to avoid 
droop at frequencies less than 

The (,x.s+l) term accounts for the lead that the pilot provides to 
achieve desired closed-loop performance and is a measure of his workload. 

Because the closed-loop, pilot-airplane dynamic system has been 
modeled as a negative feedback system with unity gain in the feedback path, it 
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is possible to relate the dynamic characteristics of the elements in the for- 
ward loop, 0/9 = Y Y j to the dynamic characteristics of the closed-loop sys- 

^pPcQ ^0 ""0 

tem, 0/6 = — y — j through use of a Nichols diagram, CFig'^i'e 27) . This diagram 

^6 ^0 

consists of the superposition of two grid systems. The rectangular grid is the 

magnitude and phase of the forward loop dynamic elements Y Y and the curved 

^0 ^0 

grid system represents the magnitude and phase of the closed-loop system 6/9^ = 

Y Y 

Pq Cg 

j — . Therefore, one can determine the closed-loop dynamic characteristics 

by plotting the magnitude and phase data of J Y for a range of frequency on 

^0 ^0 

the rectangular grid. 


It is hypothesized that a given Flight Phase or task performed in a 
typical environment will require certain minimum dynamic characteristics of 
the closed-loop, pilot-airplane system. The parameters used to define the closed- 
loop dynamic performance are bandwidth, droop at frequencies belov^ the band 
width, and resonance magnitude. These closed-loop system parameters are defined 
by the curved lines on Figure 27. The maximum droop permitted for < oj 

Dr/ 

is -3.0 db. This value has been defined somewhat arbitrarily but can be justi- 
fied from examination of discrete tracking task records in References 5 and 
6 and by interpretation of pilot comments in these references. 

The closed-loop system resonance limits for Level 1 and Level 2 have 
been determined from empirical data correlation. 

The bandwidth frequency is dependent upon the task. 

In application of this design criteria, the designer must succeed in 
finding a combination of K and t which will cause the amplitude and phase 

Pq L 

data for Y Y to plot in the Level 1 or Level 2 regions of Figure 27, It 
is necessary, therefore, to perform a parameter search. This search procedure 
is not difficult and can be performed graphically using graphical aids de- 
scribed in Reference 5 or the process can be mechanized on a digital computer. 
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Figure 27. DESIGN CRITERIA FOR PITCH DYNAMICS WITH THE PILOT IN THE LOOP 
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Because the calculations involved in evaluating the magnitude and phase of 
as a function of frequency are simple to perform, it is feasible to use 
a simple trial and error approach to test whether or not a proposed airplane 
design meets the design criteria for closed-loop performance. 

4.3.2 Pilot Compensation (Neal-Smith) Analysis 

In this analysis, pilot lead compensation was obtained that 

would make the open-loop compensated pilot plus aircraft transfer function 
(0/8^) drawn on a Nichols diagram pass through the acceptable closed-loop cri- 
teria region (see Figure 27), That is, provide the apnropriate gain and lead 
to keep closed-loop resonance less than +3 dB and closed-loop droop less than 
-3 dB for oj < ai„.. . The bandwidth frequency is defined as the frequency which 
results in a closed-loop phase of -90 degrees. The bandwidth chosen for this 
set of data was 1.5 rad/sec. This value appears appropriate for the relatively 
low gain task of landing a very large transport which does not require high 
agility of the closed-loop pilot-airplane system. In addition, this value of 
bandwidth resulted in pilot lead compensation that correlated well with pilot 
ratings. 


To obtain the pilot compensation, lead was added to force the 1.5 
rad/sec point through the -90 deg. closed-loop phase line with the 9/9^. plot just 
skimming the +3 dB closed-loop resonance boundary. The resulting closed-loop 
droop was much less than -3 dB (near 0 dB) for most configurations. Lower reso- 
nance could have been obtained with the droop still not dropping below -3 dB 
if more lead compensation was used. The solutions chosen, therefore, repre- 
sent minimum pilot lead required to meet the performance standard. The max- 
imum lead time constant used was approximately 7 seconds. This results in 
lead of: tan"^ Ct,u„„) = SS degrees at the 1.5 rad/sec bandwidth. This limit 

IS arbitrary but represents the situation of diminishing returns that occurs 
in the closed-loop system, i.e., extreme increases in pilot lead do little to 
improve closed-loop performance. For a few cases, the performance criterion 
of less than 3 dB resonance could not be achieved with this maximum lead. 
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Tl\e aircraft (with the 25 rad/sec feel system) plus compensated-pilot 
open-loop 8/9 „ transfer functions for each configuration evaluated are pre- 
sented in Appendix IV. The lead time constant in seconds, phase compensation 
at the bandwidtli = tan ^ l.S t ), and pilot gain are presented in Table 

VIII. Plots of pilot ratings versus the pilot compensation, ^pQ> presented 
in Figure 22. All of Pilot B's ratings are included although many were per- 
formed using the 15 rad/sec feel system. 

From tlie results of the overall experiment, there is a definite trend 
towards v/orse pilot ratings as more pilot compensation is required. From the 
Long Aft Tail and Canard configurations data, it appears that the phase compen- 
sation must be less than 55 degrees for Level 1 ratings and less than 75 degrees 
for Level 2 ratings. The points vtfith large pilot compensation correspond to 
the configurations with low augmentation levels and extra time delays and lags 
added. Tlie correlation of pilot rating and pilot compensation generally agrees 
with data from Reference 5 and 9. This means that the amount of pliase compen- 
sation at the bandwidth frequency required to meet the closed-loop performance 
criteria is a good measure of pilot acceptance of the configuration. The same 
values appear to be valid for fighter tasks as well as transport approach tasks 
as long as the appropriate bandwidth is chosen. 

The Short Aft Tail configurations do not appear to correlate well 
with this criteria. Pilot ratings up to 10 were rec ived for configurations 
which required only 55 degrees of phase compensation. The Extra-High q'-aug- 
mented configuration required only 17 degrees of compensation but received a 
pilot rating of 4. This again points out the fact that the pilot uses more than 
just pitch attitude in his control scheme, h'ormal acceleration, altitude rate, 
and altitude responses at the pilot position must also be important. 

The q-augraented configurations consistently received better ratings 
than the a-augnented ones even though the required pilot compensation was 
nearly the same. This again shows that characteristics otlier than closed- 
loop attitude control are affecting pilot ratings. Tlie attitude hold and no 
pitch force in turns features of the q-augmented configurations definitely 
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TABLO VIII, PILOT COMPENSATION FOR CLOSED-LOOP 0/0^ BANDWIDTH 

rad/sec (90° Closed Loop Phase Lag) 





LEVEL OF DELAY (T?) 1 


A 

B 

C 

Configuration 


Lead @ 

dW 

0 


Lead 0 

bU 

^P 

0 


Lead @ to 

BW 

Kp 

^0 



i PC^ 


i PC^ 


iPC* 


sea 

deq 

Ib/rad 

sea 

deq 

Ib/rad 

sea 

deq 

Ib/vad 

Short Aft 










Med a 

1.13 

59 

1.61 

1.60 

67 

1.26 




High a 

.93 

54 

1.77 

1.33 

63 

1.40 




Med q 

4.67 

82 

.73 







High q 

.97 

55 

1.32 




(3.67 

80 

.44)** 

Ex-lligh q 

.21 

17 

1.26 




■ . „■ 1 




* - tan~^ 1,5 r 

Li 

- .65 (shuttle lag/delay) 
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iiTiproved tliese ratings over the conparable a-augnented configurations. The q-aug- 
mentation significantly reduced the pitch response to turbulence and ground effect- 
induced pitching raomentSo The operation of the aircraft on the backside of the 
power-required curve in conjunction with the slow thrust response also appears to 
put a linit on the best pilot ratings. The pilots downgraded otherwise good con- 
figurations due to the speed control problens. 

4.4 EFFECT OF BANDWIDTH ON ALLOWABLE TItE DELAY 

From previous experiments dealing with higher order systems and their 
effective time delays, there appears to be a general increase in the level of 
time delay acceptable as the task presented the pilot becomes less difficult. 
Reference 4 compiles much of this data and, in particular, shows the effect of 
time delay on pilot ratings for three degrees of task difficulty. Data from 
Reference 5 was obtained from air-to-air combat evaluations. Data from Refer- 
ence 6 was obtained from fighter landing approach and actual touchdown evalua- 
tions. Data from reference 10 was obtained from fighter up-and-away and low alti- 
tude waveoff approach evaluations. The closed-loop pitch attitude bandv^idth 
which the pilots were generally believed to be requiring in these experiments were 

3.5 rad/sec, 2.5 rad/sec , and 1.5 rad/sec, respectively as the task became less 
critical and the pilot did not have to be as aggressive. Shown in Figure 29 
are the bands of effective time delay calculated from the maximum slope 
intercept method, associated with the boundaries of flying qualities levels 
(pilot rating of 10, 6.5, 3.5) versus the bandwidth for the evaluation task. 

The data from which these bands were obtained are from configurations that were 

rated Level 1 with minimal time delay. It can easily be seen that the pilot 
becomes mucli more tolerant of, or less sensitive to, time delays as the tasks 

become less critical. The landing approach and simulated touchdoivn task of 
the present experiment with a large, slow responding aircraft can be con- 
sidered as having the same bandwidth requirements (1.5 rad/sec) as the fighter 
up-and-away and low altitude waveoff task of Reference 10. The data from the 
present experiment tends to verify the trend shoim — large tine delays 
become acceptable at low bandwidth and relatively little degradation in pilot 
rating results from the large variation of time delay. (Tins observation is 
derived mostly from data documented in the Air Force report on the overall 
experiment) . 
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Effective Time Delay Bands (sec). Associated with 
Pilot Ratings at Flying Qualities Boundaries 






A functional relationship was determined between the average toler- 
able effective time delay and bandwidth for the task for pilot ratings of 10, 

6.5, and 3,5. These are the boundaries for Level 3,2, and 1 flying qualities. 

In the relationships derived, the allowable effective time delay, was in- 
versely proportional to the bandwidth of the task for the various flying qualities 
levels: 


@ PR = 10 
@ PR = 6.5 
@ PR = 3.5 




0] 


BW 


These relationships are plotted on Figure 30, along with the data from the Long 
Aft Tail and Canard, High a and q-augmented configurations. For the data from 
the present experiment, the average pilot ratings increased from approximately 
3.5 to 6 as the effective time delay increased from .14 to .3. This tends to 
support the relationships shoim at = 1.5 rad/sec. 
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Effective Time Delay, rad/sec 






4,5 


MULTI -LOOP ANALYSIS 


In order to better understand the evaluations of configurations with 
varying pilot position versus instantaneous pitch center of rotation with all other 
characteristics constant, a multi-loop analysis was performed. The model of the 
control structure is shown in Figure 31 . There is an inner pitch attitude con- 
trol loop with an outer altitude control loop in series. In the outer loop, the 
pilot is controlling the altitude he sees at the pilot station. The inner loop 
pilot gain (.Y- ) and lead (t-) were fixed at the values obtained in the pitch 
attitude closed-loop analysis (Section 4.3.2) where a bandwidth of 1.5 rad/sec 

was achieved. The pilot model for the outer loop was a pure gain, K , regulat- 

P}i 

ing the perceived altitude error, h^, at the pilot’s position. The lead term 
in the inner loop (x^s-fl) effectively gives some lead in the altitude loop also. 

Jj 


PILOT MODEL 



Y = K ('t- g ^ 2)j pound/rad 

Pq ?9 \ s / L 

Y = K , rad/ ft 

P-t C’f 

Figure 31, CONTROL STRUCTURE FOR MULTI-LOOP ANALYSIS 

Configurations analyzed included the Short Aft Tail, High q-augmented, 
delay = A, with pilot position = SO, 70, 110 feet or pilot position with 

respect to the center of rotation C^p^^) of 10 feet aft, 10 feet forward, and SO 
feet forward, respectively. In addition, the Short Aft Tail, High q-augmented 

configuration with extra delay, = .35 (equivalent to the shuttle’s lag/delay) 
and the Extra-High q-augmented configuration were analyzed. 
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The analysis is based on the transfer functions in Appendix I which 
are evaluated at the nominal trim speed. Complete transfer functions were 
used uitliout simplification or approximation. The tim*e delays were treated in 
form. The computer program developed in Reference 12 was used to calcu- 
late root loci and Nichols diagrams were used to determine closed-loop bandwidth. 
It should be noted that the Short Aft Tail configurations have a low frequency 
factor in the numerator of the altitude-elevator transfer function tliat is in 
the right half plane as a result of being on tlie "backside." The analysis per- 
formed considered multiple feedback to a single controller, the elevator. This 
loop closure results in a low frequency pole of the closed-loop system being 
driven toward the low frequency zero of the altitude-elevator transfer func- 
tion; this root was unstable. 

Configuration Zero Location Closed Loop Pole 

Short Aft +.0037 +.0036 for = .010 

- n 

In order to stabilize this closed-loop pole, it would be necessary to close a 
low gain feedback loop of airspeed to the throttle. This loop closure was not 
included in the analysis and the results described in the following paragraphs 
must be viewed with that fact in mind. 

Although the closed-loop system transfer function was 11th order 
over 15th order and included time delay, the results of the analysis will be 
discussed in terms of the dominant set of complex roots of the closed-loop 
altitude-stick force dynamic system. 


a The results are presented in two sets of figures and TABLE IX. Fig- 

ures 32 through 37 show the altitude error mode root locus as a function of the 
pilot altitude gam, Kp . Figures 38 through 43 are Nichols plots of the open 
loop, transfer function, on which the closed-loop 3 dB and 9 dB resonance 

levels, closed-loop 90° phase lag, and closed-loop 3 dB droop lines are drawn. 

On these latter plots, the closed-loop criterion curves have been shifted by 

the appropriate gain to achieve the highest possible altitude closed-loop bandwidth 
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TABLl] IX. UKSULTS OF MULTI-LOOP ANALYSIS 


Configuration 

^PCIP 

Center of Rota- 
tion to Pilot 

Inner Pitch Loop 
Pilot Model (Achieves 
u)„,, =1.5 rad/sec) 
% 


.00]> 

Highest 
Bandwidth 
Achievable 
. rad/sec 
h 

Pilot 

Rating 

■ 

Short Aft Tail, High q 
^MP ~ '^2 ~ ^ 

-10 

1.32e"*^^®(.97s-H) • 
(^) 

.0016 

.43 

B 

4,3,3, 

Short Aft Tail, High q 
^MP " ^'1 " 

10 

■■ 11 ^ 

.0017 

.45 

5 

1 

1,1 

4 

Short Aft Tail, High q 
hlP = '^1 ^ ^ 

50 

1.32e"*^^^'(.97sv-l) • 

m 

.0020 

4 

CO 

B 

Short Aft Tail, High 

V '^1 = 

-10 

,44e“*2^^(3.67sv-l) . 

/Ss-f-2 \ 

\ s / 

.0014 

.33 

9 

Short Aft Tail, Ex-High q 

’‘up = ■ '' 

-10 

1.26e"*^^'^'(.21a+l) . 

(^) 

.0012 

.38 

4 

2 

Short Aft Tail, Ex-High q 
‘ SO', ^ 

includes altitude loop le 

-10 

id 

- OCq 

1.26^ • (.216'+1) • 
(^) 

.0023(.63 +1) 

.50 

4 

2 






































Inner Loop: 

7 = Cl. 318)e~‘ 97 s + 1) 

Pg ^ s 


jcj, rad/sec 



Figure 33. ALTITUDE LOOP ROOT LOCUS VS. K (RAD/FT) 
SHORT AFT TAIL, HIGH q FEEDBACK, DELAY = 
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See NOTE, Figure 50 
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Figure 40. SHORT AFT TAIL, HIGH q, = 110', T, = A, k/h^ NICHOLS PLOT 
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Figure 41. SHORT AFT TAIL, HIGH q, X = 50’, = .35, h/h NICHOLS PLOT 





RMPiDBj 




PHflSE-D£G 

/ nq>’ 1981 WJTrf LE9D 70 = 3 i<Q=5.2!£XH]l ,XP=50 DEL-ft KJLT-LOOP 

Figure 43. SHORT AFT TAIL, EX-HIGH q, = 50', = A, WITH (.63s+l) LEAD 

IN ALTITUDE CONTROL, h/h NICHOLS PLOT 






(u at closed-loop 90° phase lag) without violating the 3 dB resonance. This 
graphical technique was used to illustrate the simplicity of Nichols diagrams 
for performing dynamic analysis when only the loop gain is being varied. 

From the root locus (Figures 32 through 34) for the Short Aft Tail 
configurations, it can be seen that the altitude mode goes unstable at increas- 
ingly higher gain and higher frequency as the pilot position is moved forward. 
The potential closed-loop bandwidth is thus higher at the more forward pilot 
locations. Low altitude loop bandwidth correlates highly with the occurrence 
of PIO's near touchdown. For a given value of gain, the frequency of the 
closed-loop root increases as the pilot distance ahead of the center of rota- 
tion increases. 

The Nichols plots for these configurations (Figures 38 through 40) 
sliow that the highest achievable bandwidth for the altitude control loop 
increased from .43 rad/sec to .48 rad/sec as the pilot position was moved 
from 10 feet aft to 50 feet forward of the center of rotation. 

The analysis of the Short Aft Tail configuration with higher shuttle 
effective time delay (T^ = .35) showed a lower achievable bandwidth. The root 
locus (Figure 35) does not show much change for the = .35 versus = A con- 
figuration but the Nichols plot (Figure 41) shows the bandwidth has decreased 
from .43 rad/sec to .33 rad/sec. The = .35 case also had a much higher 
inner loop lead (t = 3.67 sec) than the = A configuration (t = .97 sec). 

An analysis was also performed on the Extra-High q-augmented config- 
uration to see what improvement the high augmentation gain would yield. The 
root locus (Figure 36) and Nichols plot (Figure 42) show lower altitude loop 
bandwidth (.38 rad/sec). However, the inner pitch attitude loop for the Extra- 
High q configuration had a lead time constant of only .21 sec instead of .97 
sec for the High q configuration. This penalizes the altitude loop bandwidth 
since the pilot could most likely provide more lead. The lead provided in the 
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High q configuration at 1 rad/sec is tan"'^ (.97) Cl.) = 44 degs. The lead pro- 
vided in the Extra-High q-augmented configuration at 1 rad/sec = tan 
(.21) (1.) = 12 degrees. Therefore, to add an extra 32 degs of lead at 
u = 1 rad/sec, a lead term of ; = .63 sec was added to the altitude 


-1 


control pilot model: 


1 rad/ sec 


7 =r 

■‘p- ‘T. 

n n 


(.63s + 1) 


The result on the root locus (Figure 37) and Nichols plot (Figure 43) is a 
much higher bandwidth than was achieved with the High q configuration (.5 
rad/sec versus .43 rad/sec). This increases the altitude loop bandwidth up 
to where it would have been fijr the High q-augmented configuration if the pilot 
had been shifted forward approximately 70 feet for an = 120 ft and 

= 60 feet (see Figure 44 for versus Zp^^) , This was confirmed from 

h „ 

the experiment results for the Extra-High q-augmented contiguration (PR = 4) 
compared to those for the High q-augmented configuration with 
(PR = 3 and 4-1/2). 


Pilot rating and pilot-induced oscillation rating are correlated 
With the calculated altitude loop bandwidth in Figures 45 and 46, the trend 
towards better ratings with high band:\fidth can be seen. Though not enough 
samples were taken to absolutely define flying qualities boundaries, it 
appears that a bandwidth of greater than .5 rad/ sec may be necessary for 
Level 1 ratings. This correlates well with data obtained by the Dutch in an 
NLR study (Reference 11) . They used the same altitude control loop pilot 
model in a medium transport landing approach experiment, and proposed a .55 
rad/sec altitude bandwidth as necessary for Level 1 flying qualities. 

It is also interesting to note that by decreasing the effective time 
delay from .35 sec to .10 sec and increasing the q-augmentation level, the Short 
Aft '’-111 configuration with equivalent shuttle delay can be improved so that the 
altitude bandwidth increases from .33 rad/sec to .5 rad/sec. This assumes that 
the pilot could provide the required lead in the altitude loop. In the flight 
evaluations, these changes resulted in improved pilot ratings from 9 to 4 and 
PIO ratings from 4 to 2, 
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Altitude Bandwidth, rad/sec 
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Ex-High q Feedback 
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Figure 44. ALTITUDE BANDWIDTH VS PILOT POSITION - CENTER OF ROTATION (X^^J 
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Figure ds. PILOT RATING VS ALTITUDE BANDWIDTH 
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Figure 46. PIO RATING VS ALTITUDE BANDWIDTH 
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4,6 


TURBULENCE RESPONSE 


A tliorough discussion of the effects of turbulence v^ould be quite 
lengthy because the turbulence field has many comments and the airplane has 
many responses that could be considered. Several gust transfer functions 
are listed in Reference 13. For purposes of illustration, hov^ever, only two 
figures are considered. Figures 47 and 48 present the and fre- 

quency responses for the following Short Aft Tail configurations — Unaug- 
mented, High a feedback and High c feedback. These transfer functions show 
that in tlie low range of frequency, i.e., less than 1.0 rad/sec, the High 
a-augmented configuration is the most responsive to turbulence, while the 
High a-augmented configuration is the least responsive. Tlie unaugmented 
configuration is between the two in its level of response to the a gusts. 

Tlie large variation of the pitch attitude and inertial speed responses 
to angle of attack gust inputs exhibited in Figures 47 and 48 at low frequency 
IS caused by the effect of the augmentation system on both the denominator and 
tlie numerators of the gust transfer functions. The low frequency factors of the 
S/a^ transfer function for the three configurations illustrated on Figure 47 
are as follows 


e_ ^ .35(0) (.034) 

% (.041)[.6C,.73](1.30) 

^digh q 


(higher frequency terns) 


i_ = .35(0) (.036) 

(-.133)[.3?:,.21](1.15) 

^ Unaug 


(higher frequency terms) 


.35(.057)(.531) 
[.054,. 126] [.77^.79] 


'^High a 


(higher frequency terms) 


Althougli literal expressions for the gust transfer function numer- 
ators have not been developed for the various augmentation configurations. 

It IS clear from the numerical examples listed above and in Appendix I that 
the effects of the augmentation system on the transfer function numerators 
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Figure ay. SHORT AFT TAIL, TURBULENCE RESPONSE, e/a 

iJ 
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Figure 48. SHORT AFT TAIL TURBULENCE RESPONSE, 
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IS significant and must be considered together with the effect on the charac- 
teristic equation. 

Tlie comments by the evaluation pilots concerning the responses of 
the various configurations to turbulence are generally consistent with the 
characteristics exlubited on Figures 47 and 48 and with other gust transfer 
functions not illustrated by figures. Note tliat the pilot comments are in 
terns of observation of airspeed whereas the transfer function illustrated in 
Figure 48 is for the inertial velocity response to angle of attack gusts. 

All of the configurations were described as sliglitly ponderous in 
turbulence. This was due to the low short period frequency of all of the 
stable configurations. With the higher a-augmented configurations, the pilots 
complained about the attitude disturbances in turbulence. They described the 
airplane as being very ponderous and hard to manage on the ILS and the in- 
creased i>orkload required in the pitch axis was objectionable. It took a 
long time to correct disturbances in speed and pitch attitude. 1/ith the 
higher q-augraented configurations, turbulence was noticed, but the pilots said 
they did not have to do anything and it was not a problem.. 


Lateral -directionally, all of the configurations received conunents 
about their wallowing nature in turbulence. This was primarily due to their 
low total damping, ~ *28, and time to half amplitude of approximately 

2.S seconds. This, along with the high rudder forces, made it difficult to 
damp out the sideslip excited in turbulence. Roll motions were also noted 
by the pilots in turbulence, but was generally not a problem. 

a 

4.7 DIRECT LIFT CONTROL 

As the flight evaluation program continued, it became obvious that 
the Short Aft Tail configurations were presenting the pilots extreme flight 
path control problems as they neared the ground. Many of the approaches, 
even with minimum levels of delay, resulted in PIO's in the flare maneuver. 
PIO ratings of 3 or worse were the rule with the high augmented configura- 
tions. The problem was basically due to the fact that the pilot was sitting 
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ten feet behind the pitch center of rotation in these configurations. The 
pilot would use his pitch control to bend the flight path to reduce his rate 
of sink in the flare. The inunediate effect was a sinking motion, perhaps, 
causing him to overcontrol. When pushing forward, the opposite would happen — 
the aircraft would tend to heave up as it rotated nose down. This rapidly 
degenerated into a PIO or the pilot had to abandon the task and settle for very 
long, unacceptable touchdowns. 

It was speculated that if the pilots had a direct control for flight 
path angle that did not require the aircraft to rotate, the PIO’s could be 
eliminated and pilot ratings improved. A direct lift controller that pro- 
duced pure lift without pitching moment or drag was included in the model for 
this purpose. It was operated from a thumb wheel on the throttle handle. 

Full deflection of the wheel (il60°) produced a AC^ of ±.3. This translated 
to a Z.2 g capability at 150 KIAS. There was no force/feel on this controller, 
but a slight detent could be felt around the zero deflection point. Rotating 
the wheel upward resulted in positive lift. A j ~ sVj ' added to elim- 

inate inadvertent high frequency commands. The direct lift controller (DLC) 
was evaluated with the High a and High q-augmented configurations by one of 
the pilots. 

Results of this limited evaluation were encouraging. After a couple 
of approaches to learn how to use the DLC, the pilot felt he had a better con- 
trol over sink rate in the flare. Pilot rating and PIO rating improvements 
are shown in Table X. The pilot used the DLC only in the flare portion of 
the approach for sink rate control. He used the pitch controller in the upper 
portion of the approach and for attitude control in the flare and touchdown. 

He described his major difficulties as learning how to use four controllers 
(elevator, aileron, throttle, and DLC) at the same time, and knowing how much 
lift control he had in at a particular moment. He felt more experience with 
the controller and a force/feel system or at least a centering spring may have 
improved his opinion of the DLC, 
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TABLE X 

PILOT RATING AND PIO RATING 
COMPARISONS FOR DIRECT LIFT CONTROL 



High a Feedback 

9,8 

{ 

1 

1 

6 

1 

5,4 1 

1 

3 ! 

High q Feedback 

9,5 

< 

1 

5 

4,3 , 

1 1 

2 ' 

i 
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Section 5 
CONCLUSIONS 


1. The pilot rating and comment data exhibit significant effects of the fol- 
lo\;ing experiment variables: 

• Augmentation t>’pe and level of loop gain, i.e., angle of attack feed- 
back or pitch rate feedback with proportional plus integral in for- 
ward path and automatic elevator for turns. 

• Pilot location relative to the center of rotation for elevator com- 
mands . 

« Lag and time delay in the command path for both pitch and roll. 

• Slow thrust response coupled with backside aerodynamic characteristics. 
0 Direct lift control. 

Neither the MIL-F-8785C requirements nor any of several proposed require- 
ments for pitch and control system dynamics were capable of correlating 
the experiment results without significant modification or extension. 

2. The pitch rate augmentation system i/as generally preferred over the angle 
of attack augmentation. This was especially true for tlie Short Aft Tail 
configurations with the pilot behind the center of rotation. This was 
due to the lower turbulence response, attitude-hold feature, and level 
turn capability without pitch inputs with the q-augmented configurations. 

3. The pilot ratings were degraded for the cases where the pilot was located 
near or behind the center of rotation. 
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The evaluation pilots tended to apply a less demanding standard of man- 
euverability than for previous landing approach studies because the con- 
figurations were defined to be very large, one-million pound. Class III 
aircraft. The closed-loop pitch attitude bandwidth requirements for the 
landing approach task with tins Class of aircraft appears to be 1.5 
rad/sec. 

The degradation caused by tine delay i/as less severe tlian in previous 
landing approach studies, in both pitch and roll. This is primarily a 
result of tlie decreased bandwidth demanded by the pilots for this class 
airplane. The present equivalent time delay requirements of MIL-P-8785C 
appear to be conservative for this class of airplane and flight phase. 

Data IS presented which suggests that tlie amount of tine delay that can 
be tolerated in the command path is inversely related to the dynamic 
bandwidth required to perform the task. 

When tlie pilot position is forward of the center of rotation, the pitch 
acceleration response to control provides an earlier linear acceleration 
cue at the pilot position that is easily perceived by the pilot and serves 
to confirm to the pilot that the airplane is responding to his command. 
When the pilot is located far ahead of the center of rotation, the linear 
acceleration cue is amplified immediately following the transmission 
delay through the control system but before the lag associated with the 
short period mode. This effect may contribute to the higher tolerance 
to control system time delay observed in this experiment. 

A multi-loop analysis which modeled an outer altitude control loop in 
series around the inner pitch attitude loop provided insight into the 
effects of pilot location relative to the center of rotation. A low- 
frequency closed-loop pole goes unstable at relatively low gain and fre- 
quency with the pilot aft of the center of rotation. As the pilot moves 
further forward of the center of rotation, this complex mode remains 
stable and closed-loop bandwidth of the altitude control loop increases. 

A closed-loop altitude bandwidth of .5 rad/sec appears necessary for 
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Level 1 ratings. For tlie Short Aft Tail configurations, it was shown that 
increasing the level of q-augnentation had a similar effect on altitude 
bandwidt'n as moving the pilot forward. 

8. Evaluation of the shuttle-like Short Aft Tail configuration witli the 
pilot located ten feet behind the center of rotation indicated accept- 
able flying qualities could be achieved when the command path tine delay 
was low and the Extra-Kigh pitcli rate augmentation was used. Tins air- 
craft design was unacceptable when tine lag and delay equal to that of 
the shuttle v;as introduced into the pitch command path and the High pitch 
rate augmentation was used. 

9. The effect of turbulence on tlie unaugmented configurations was relatively 
low except for long-term speed control due to its negative static sta- 
bility. As the a-augmentation level was increased, pitching and airspeed 
response to turbulence became greater at frequencies belov; 1 rad/sec. At 
the highest levels of augmentation, the response to turbulence at low fre- 
quency seriously hindered control. Tlie effect of the pilot being very 
far from the center of rotation also added to the motion felt by the 
pilot in turbulence. As the q-augmentation level was increased, these 
turbulence effects became less. This was due to the lov; static stability 
of the base airplane and the long term attitude hold of the q-feedback 
configurations . 

10. The slow thrust response (three second tine constant) to throttle caused 
difficulty in thrust management and forced open-loop manipulation of the 
tlirottles, i.e., set and wait to see if further adjustment is required. 
Tins complicated airspeed control and degraded the pilot ratings, espe- 
cially for the a-augmented configurations. The slo\.' thrust response com- 
pounded airspeed control for the Short Aft Tail designs which were slight- 
ly on the "backside" at tlie trim speed. 

11. Direct lift control, commanded by a thumb wheel, mounted on the throttle 
lever, improved control of sink rate during flare and touchdown for the 
Sliort Aft Tail configuration. More pilot experience and a force/feel 
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system with the direct lift control would be necessary for a thorough 
evaluation, 

12. Tlie lateral-directional augmentation system provided excellent turn coor- 
dination and minimal excitation of sideslip in turning maneuvers. 

13. Tlie low frequency Dutch roll mode excited by turbulence, lineup, and 
crosswind corrections, required a special trimming technique and the 
response to rudder pedal inputs was slow. Rudder forces to maneuver 
were heavy. 
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Appendix I 
TRAT^'SFER FUNCTIONS 


The follouins is a tabulation of important transfer functions of the 
Short Aft Tail configurations. It is vvritten in the shorthand notation 
v\here : 

is equivalent to K(sHi){s^ + 2?ws + 

The follovving factors are present in each of the longitudinal denominators: 

Approximately (20) = 

(.333) 

[.7,25] = 

[.7,15] = 

The lateral-directional denominators 


elevator servo 
throttle servo 

pitch control feel system \ noted 

II II II II f 

contain the following factors: 


(20) = aileron or rudder servo 

[.7,25] = roll control feel system 

[.7,15] = yaw control feel system 

The following gradients and gearings are present in the numerator gains: 



Gradient 

Gearing 

Pitch 

.1 inch/pound 

2.5 deg/ inch (a-feedback) 



1.25 deg/ inch (q-feedback) 

Roll 

2. deg/pound 

1.5 deg/deg (t^ = .87) 



3.0 deg/deg (x- = .44) 

ci 

Yaw 

,01 inch/pound 

-15, deg/ inch 


In addition to the transfer function factors shown, the following delay/ lag 
factors should be added to represent the level of delay flown in each axis: 
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1 Delay Level i Additional Transfer Function Factors and Description 

Pitch 

A 

B 

C 

C 

e * TIFS pitch model-following delay = .06 sec 

g -. 06s ^ 

' i — "A” plus command filter _ 

(9) ^ d.jLAS'^2 

9 

— — — "B" plus extra command delay = .07 sec 

9 

— — j — — "B” plus extra command delay = .18 sec 1 

' ^ (Equivalent to shuttle lags) 

Roll 

A 

-,12s 

e * TIFS roll model-following delay = .12 sec 


All angular units in radians, velocity in £t/sec. 


LONGITUDINAL TRANSFER FUNCTIONS 


CONFIGURATION : Short Aft Tail a-Feedback, K^=-.35 CMedium) 


Denominator [.927, .630] [.148, .0956] (20) (.353) [.7,25.] 


nI 2.30 (.527) (.059) (.333) 

^ES 


ift .545 [.065,. 170] (4.84) (.333) 

ES 

7t- 

8,20 (.975) (-5.16) (.333) 

^ES 

II (son 

Il/P .726 (4,24) (-.0037) (-3.29) (0) (.333) 

* ES 


4.29 (1.89) (-.0037) (-1.24) (0) (.333) 
r 

to 


Vt 

U ^ 2.13 [.934, .625] (0) (20) [,7,25.] 


.542 [.895, .334] (20) [.7,25.] 
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CONFIGURATION : Short Aft Tail a-Feedback, K^=-1,2S (High) 

Denominator [.773, .788] [.0539, .126] (20) (.333) [.7,25.] 


F„„ Numerators - same as those for Medium 
bo 


II 2.13 [.774,.777](0) (19.9) [.7,25.] 

T 


n 




CG 


.542 [.536, .549] (20) [.7,25.] 


CONFIGURATION : Short Aft Tail q-Feedback, K^-l.OS (Medium) 

Denominator [.395,. 503] (1.19) (.0194) (0) (19.5) (.333) [.7,25.] 


//?, 1,21 (.527) (.059) (1) (.333) 

‘^ES 


//“ .286 [.0647, .170] (4.84) (1) (.333) 

ES 

N„‘- 4,30 (.975) (-5.16) (1) (.333) 

^ES 

1-1 son 

.381 (4,24) (-.0037) (-3.29) (0)(1) (.333) 

^ES 

II 

ll^^^ 2.25 (1.89) (-.0037) (-1.24) (0)(1) (.333) 

^ES 


H ‘ 2.13 [.405, .483] (1.19) (0) (19.5) [,7,25.] 

Orp 


Iiy^ .542 (.878)(.241)(0)(19.5)[.7,25.] 

°r 
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CONFIGURATION : Short Aft Tail ^/-Feedback, T =1 , K =-2.S 

Denominator [.666, .727] (1.305) (.0408) (0) (18.8) ( 


4 2.87 (.527) (.0593) (1) (.333) 

ns 

Np .681 [• 0647, . 170] (4.84) (1) (. 333) 

ES 

Vj. 

11/ 10.25 (.975) (-5.16) (1) (.333) 

ES 

.907 (4.24) (-3.29) (-.0037) (0)(1) (.333) 


11 (.70') 

11 J -.903 [.030,3.75] (-.0037) (0) (1) (.333) 

""es 

11 ( 110 ') 

II/ -4.47 [.152,1.70] (-.0036) (0) (1) (.333) 

"es 


(High) 

.333) [.7,25. 


] 


11 


5,36 (1.89) (-1.24) (-.0037) (0) (1) (.333) 

2,13 [.680, .724] (1.30) (0) (18.8) [.7,25.] 

.542 [.951, .976] (0) (18.8) [.7,25.] 

CONFIGURATION : Short Aft Tail c7-Feedback, T =, 5, K =-5.2 (Extra High) 

Denominator [.671,2.212] (.597) (.0547) (0) (17.5) (.333) [.7,25.] 

lli 5.98 (.527) (.0593) (2) (.333) 

//" 1.42 [,0647,. 170] (4.84) (2) (.333) 

‘^ES 


^CG 

ES 


N 




S'CG 

It ^ 

Qm 
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21.3 (.975) (-5.16) (2) (.333) 



II , (50’) 

1,89 (4.24) (-.0037) (-3.29) (0) (2) (.333) 
ES 

N 


11.15 (1.89) (-.0037) (-1.24) (0) (2) (.333) 
ES 

2.13 [.671,2.213] (.622) (0) (17. 5) [.7,25.] 
T 

• 

N .542 [.698,2.31](0)(17.4) [.7,25.] 

T 

LATERAL-DIRECTIONAL TRA>JSFER FUNCTIONS 


CONFIGURATION: x„ = .87 


Denominator [.574, .486] (1.15) (.0034) (20) [.7,25.] (20) [.7,15.] 


15.6 [.570,. 483] (19.8) [.7,15.] 

^ AS 

IK, .756 [.589,.477](3.45)(14.9)[.7,15.] 

lA -.0089 (.331) (-.226) (-27.9) (12.2) [.7,15.] 

AS 

U (50') 

8.13 [.590,. 479] (.256) (-.211) (19.5) [.7,15.] 

"'.45 

(1 (70') 

UA 7,92 [.592, .478] (.364) (-.155) (19.2) [,7,15.] 

^45 

11 ( 110 ’) 

UA 7.30 [,591,. 475] (.684) (-.093) (18, 7) [.7, 15.] 

‘45 
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ill -.162 (1.47) C-1. 14) (18.6) [.7,25.] 

^RP 

,455 [.0507, .244] (1.17) (19.7) [.7,25.] 

^RP 

lA -.050 (9. 61) (1.16) (.0048) (19. 7) [.7, 25.] 

//, (50’) 

nA .244 [.059,1.00] (1.05) (-,024) (20) [.7,25.] 

^RP 

11 (70’) 

nJ ,541 [,056, .685] (1.11) (-.022) (19, 8) [.7, 25,] 

^RP 


II (110’) 

1.125 [.044,. 500] (1.14) (-.019) (19. 7) [,7,25,] 

"rp 
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Appendix II 
TIME HISTORIES 

This appendix presents tine histones for each of the Short Aft Tail 
configurations for step inputs into the pitch, roll, and yaw command channels. 
Feel system dynamics, model-following delay, and extra time delay and lags 
were not included. Magnitude of inputs and command gains used were: 

pitch — 1. inch through 1. deg/ inch gain 

roll — 1. deg through 1. deg/deg gain 

yaw — 1. inch through 1. deg/ inch gain 

Notation used in the body axes system is: 

Longitudinal — 

Q - (a) 

V - (LV) - 

ALFA - (t^a.) - 

Q* - (q) 

NZCG - (n ; - 

UZP - rn 5"^ - 
z 

P 

NZSO, NZ70j inio 


Lateral-Directional — 

P - (p) 

R - (r) 

3ETA - rs; - 

II-l 


pitch rate, rad/sec 

incremental true airspeed, ft/sec 

incremental angle of attack, rad 

pitch acceleration, rad/sec^ 

normal acceleration at center of gravity, g's 

normal acceleration at nominal pilot station, g’s 

= 110 ft for Long Aft Tail and Canard 

X,^ = 50 ft for Short Aft Tail 

Me 

— normal acceleration at shifted pilot position 
~ configuration shown, 

g's 


roll rate, rad/sec 
yaw rate, rad/ sec 
sideslip, rad 



PHI - (<?) 

- (p) 

R* — (r) 

mCG - (n } 
]jrr 

mzo, 70 y lit) 


bank angle, rad 

roll acceleration, rad/sec 

yaw acceleration, rad/sec 

lateral acceleration at center o£ gravity, g's 
lateral acceleration at nominal pilot height above 
stability axis = -18 ft) and = 50, 70, 

110 ft, g's 


Note that scalings may change from one configuration to another. 
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Appendix III 
PILOT COMMENT SUMMARIES 


This appendix presents a brief summary of the important pilot com- 
ments for each Short Aft Tail configuration evaluation. A transcription of 
the complete pilot comments is available from Calspan files. Along with the 
pilot comment summaries are the full description of the configuration, pilot 
ratings, flight number/configuration order on flight, date, meteorological 
conditions, and airport. 

Configurations are presented in the following order; 

a-Feedback, q-Feedback 

Low to High augmentation level 

Time delay = .4, 5, C 
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SHORT AFT TAIL a AUGMENTATION - PILOT COMMENT SUMMARIES 

Med a ^ Tj = Aj B 

High a - B 
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TAIL T" 

AUG. 1 X 1 

^C.R. 

Med 


1 n/a 

1 T 


l-Z 1 't-'v'p 

sp I ^ 


PILOT 

A 

Short 

A 

4.2 

— 

,87 

18 A 


RATING 

10 








PIO 

5 

FLT/CONF. 

619/2 

WIND 

5-10 kt 

tailwind 

VISIBILITY 

Clear 


DATE 

8/4/80 

TURB. 

Light 



AIRPORT 

Niagara 



FEEL: 

• Forces; 

« Displacement: 

• Sensitivity; 

• Trim: 


Moderate to heavy. 
Moderate. 

About right. 

Didn't use trim. 


PITCH ATTITUDE RESPONSE; 
• Initial: 


Delayed and sluggish. 


» Predictability: 


Fair in up and away and extremely difficult in flare 
and touchdown. 


• Special Inputs; Not sure. 

• PIO Tendency: Definite tendency to PIO in the last few feet before 

touchdo^vn. It’s a bad configuration, you think you 
have it set up pretty well and then you get into 
trouble. 


AIRSPEED CONTROL: 


Somewhat difficult, seemed to bleed without giving 
me any awareness. 


PERFORf.IANCE : 

• Approach Tasks: 

ILS: 

Visual (Sidestep) : 

• Landing Tasks: 

• Differences: 


Glide slope was not operating. Localizer was reasonable. 
Airspeed demanding. 

Sidestep went fine. Final part of approach seemed to 
go ponderously but O.K., but anytime you need a flight 
path correction close in, it just seemed to be 
extremely difficult to make. 

Flare and touchdown was extremely difficult, you tended 
to PIO. 

Extremely big difference - it just felt heavy in the 
approach whereas in the flare and touchdoim, it was 
very imprecise and you oscillated when you tried to 
produce touchdown conditions. By far, tlie flare and 
touchdown was most difficult. 


WIND AND TURBULENCE: Turbulence probably was a factor. Crosswind not a 

problem. Lat-Dir. was good. 

SUMMARY COMMENTS: Major problem - was the flight path control in pitch in 

flare and touchdown. Get flight path PIO in last 
few feet. 
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TAIL I 

AUG. r 

Xp 1 

C.R. 

t^'^q 

1 n/a 1 T 

1 PZ 1 T.-v-p 

R sp 1 ^ 

PILOT 

B 






RATING 

10 

Short 

Ci, , j 

o 

t 

B 

1 

1 

« 

,87 18 A 


Med 





PIO 

6 

FLT/CONF. 

615/4 


WIND 

Headwind 

VISIBILITY 

Clear 


DATE 

7/31/80 


TURB. 

Light 

AIRPORT 

Niagara 



FEEL: 

« Forces: 
a Displacement: 
a Sensitivity: 


No complaints. 
No complaints. 
No complaints. 


PITCH ATTITUDE RESPONSE: 
9 Initial: 

o Predictability: 

o Special Inputs: 
a PIO Tendency: 

AIRSPEED CONTROL: 


No real complaints when you are above 5^ ft. 

Poor, I did notice even on approach a little nibble 
o£ an oscillation on occasion. Oscillations were 
small on approach and controllable. 

Tone dovm your inputs, not be aggressive, 

PIO Tendency, on approach very mild, in landing 
very severe. 

Satisfactory on approach. Lousy in flare. 


PERFORMANCE: 

0 Approach Tasks: 

ILS: Good. 

Visual (Sidestep): Good down to 50 ft. 

e Landing Tasks: Flare is major problem. I can't get the airplane 

organized below 50 ft. 

Some of the characteristics interfere with my ability 
to precisely control the approach to get in the 
windov/ correctly. 

o Differences: Landing was clearly the worst task. 


WIND AND TURBULENCE: Turbulence v;as detracting factor Couldn't find 

a special technique that worked. 

SUMMARY COfIMENTS; Major problem. Lack of predictability in pitch and 

a great deal of difficulty in controlling and predicting 
the touchdotm point and sink rate, mostly the sink rate, 
Down to 50 ft It is quite manageable. I could fly i 
rather precisely, under 50 ft I cannot get the airplane 
organized. Severe PIO in the flare. 


III-4 




1 TAIL I 

AUG. 1 Xp ! 

R 


1 n/ct 1 

1 T 

q 


l-Z 1 

sp 


PILOT 

A 







18 


RATING 

10 

Short 

Med 

B 

4.2 


00 

o 

A 

PIO 

5 

FLT/CONF. 

DATE 

618/5 

8/4/80 

WIND 

TURB. 

5-10 kt 
Light 

tailwind 

VISIBILITY Clear 
AIRPORT Niagara 



FEEL: 

• Forces: Steady state the forces are nedium but in PIO they get 

modertae to heavy. 


• Displacement: Tend to get large in PIO. 

• Sensitivity: Pretty good choice, 

PITCH ATTITUDE RESPONSE: 

« Initial: Delayed, 

• Predictability: Very difficult, 

• Special Inputs: Have to anticipate that it is going to be a delayed 

response. Make corrective inputs in opposition to 
nose rate. Compensation control is complex, 

0 PIO Tendency: Very definite tendency to PIO both IFR and VFR but 

it’s very much worse VFR, 

AIRSPEED CONTROL: Difficult, 

PERFORi'-LANCE : 

0 Approach Tasks: 

ILS: High workload in pitch and tended to oscillate. 

Localizer not bad, not much time for it. Airspeed 
high workload. 

Visual (Sidestep) : Tend to forget about sidestep, 

0 Landing Tasks: It's bad in flare and touchdown. It's a PIO bugger. 

You can develop a technique that helped by keeping 
deviations small and putting in elevator inputs, 
pulse inputs in opposition to pitch rate. Very high 
workload. 

0 Differences; Flare and touchdown most difficult. 

Lat-Dir. characteristics are good. 

WIND .i\ND TURBULENCE: Turbulence is bothersome, takes long time to- correct 

disturbances. 


S'JM^'1ARY COMMENTS: Major problem - PIO in flare. Just a matter of time 

'til you kill yourself in this one. PIO doesn't get 
divergent until flare. 

Good feature - Lat-Dir, 

Below 350 ft the PIO started, all I had to do was look 
at the ground and I v^as in a PIO, 
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TAIL r 

AUG. 

T"X 

1 n/a 

1 T 

'"i? 

1-2 

sv 

I 

Short 

“Hi 

-10 A 

4.2 

— 

,87 

18 

A 


PILOT B 
RATING 10 
PIO 4 


FLT/CONF. 615/3 
DATli 7/31/80 


WIND Headwind 
TURB. Light 


VISIBILITY Clear 
AIRPORT Niagara 


FEEL: 

• Forces: 

e Displaceraent: 

• Sensitivity: 


No complaints, little aft stick in turns. 
No complaints. 

No complaints. 


PITCH ATTITUDE RESPONSE: 

• Initial: Good, except right down near the ground. 

• Predictability: 
e Special Inputs; 

9 PIO Tendency: 

AIRSPEED CONTROL: Reasonable until last 20 ft, unacceptable in last 

20 ft. 


PERFORi'-IAiNCE : 

« Approach Tasks : 
ILS; 


No problem, you can fly perfect ILS in this airplane. 


Visual (Sidestep): Everything O.K. down to 20-25 ft. 


e Landing Tasks: 
« Differences: 


Flare and touchdown performance was very poor. 

Tried several control techniques. First, I flew 
in a normal fashion and that didn't work. I could 
really feel myself ballooning and getting into a 
position where I knew the next oscillation was 
going to be a crunch and there wasn't anything I 
could do about it. I knew that I was putting my 
wheels down harder as I pulled back. The second one 
I was high and ended up with high sink rate and long. 
I then tried to not make any big changes close in. 

So I'm going to come in and duck under just a little 
bit and come in low and make a change and hold it. 

I attempted to do that and came .close to making it, 
but ended up at about 10 feet fresli out of peanuts 
and the next oscillatioi^ I knew we were in trouble, 
extended long and slow very significant difference 
between approach and landing. The most significant 
that I've seen. You could not believe that you would 
have as much trouble as you do under 25 ft. 


WIND AND TURBULENCE: V/ind and turbulence not a factor. Lat-Dir. not a 

factor. 

SUMMARY COMIENTS: Major problems were precise control of sink rate close 

to the ground and Lord knows what was happening to the landing gear 
back there as we were floundering around in the oscillation. I don't 
feel like I was losing control in a sense of pitch oscillation, but 
I was certainly losing control of my sink rate so that's what I 
mean. You don't feel like it's losing control of pitch attitude 
directly, but clearly got into oscillations when I attempted to 
enter the loop under 25 ft. 
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TAIL 1 

AUG. 1 

Xp 1 t'^q 

C R 

1 n/a 

\ T T„ 

q R 

l-Z 1 T.-vp 

sp I ^ 


PILOT 

A 








RATING 

9 

Short 

a,,. 

-10 A 

4.2 

.87 

18 A 


PIO 



Hi 




5 

FLT/CONF. 

DATE 

618/4 

8/4/80 

WIND 

TURB. 

5-10 kt 
Light 

tailwind 

VISIBILITY 

AIRPORT 

Clear 

Niagara 



FEEL: 

f Forces: Medium to a little heavy, 

« Displacement: Large, 

f Sensitivity; 0,K.. 

• Trim; Didn’t trim too much. 


PITCH ATTITUDE RESPONSE: 

• Initial; Noticeably delayed. 


• Predictability: 

• Special Inputs: 
4 PIO Tendency: 


Predictability of pitch is not bad IFR and also VFR 
when you are up and away from the ground but as soon 
as the ground cones in you really definitely can 
perceive the altitude errors and it screws you up 
and starts a PIO going, I think it is an input I’m 
putting in to correct the altitude errors that causes 
the PIO. 


AIRSPEED CONTROL; Iv'asn’t really bad. Surprisingly. 

PERFORMANCE: 

• Approach Tasks: 

ILS: Can’t remember too clear. Localizer was good. 

Airspeed wasn't bad. 

Visual (Sidestep) : Sidestep was easy. 

f Landing Tasks: Problems came in the flare and touchdown because of 

PIO in pitch and it was very, very hard to stabilize 
the flight path close to the ground. Kind of reminds 
me of the shuttle. 

f Differences: 


WIND AND TURBULENCE; Didn’t particularly notice turbulence. May have been 

setting off PIO because I did detect an altitude 
error that was growing and I didn't seem to be able 
to control it. My efforts to control it seemed to 
drive me into the PIO. Lat-Dir. was O.K.. 

SUMMARY COMMENTS: Major problem - The PIO in flare and touchdown. As 

you start tight control in the flare, it causes an 
oscillation that is divergent. 
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TAIL 1 
Short 

AUG. r 

A 

n/a T 

4.2 

1 l-Z 1 T-'vp 

R sp 1 ^ 

.87 18 A 

PILOT A 
RATING 8 
PIO 4 

FLT/CONF. 

630/2 

WIND 

Headwind 

VISIBILITY Partly cludy 8 

DATE 

8/13/80 

TURB. 

Light 

AIRPORT slightly hazy. 

Niagara 


Steady elevator required in steady turn. 


FEEL; 

• Forces: 

t Displacement: 

• Sensitivity; 

• Trim: 

PITCH ATTITUDE RESPONSE; 

• Initial: 

• Predictability: 

• Special Inputs : 

• PIO Tendency: 
AIRSPEED CONTROL: 


Heavy. 

Large. 

I increased it initially and 
increase but decided against 
tendency. 

I guess I didn't trim, but I 


considered further 
it. Might increase PIO 

sure got airspeed variations , 


Very sluggish and delayed. 

Poor. 

Either overdrive it, which tends to result in overcontrol 
or to just nudge it around, don't overdrive it. 

Definite tendency to PIO. 

Poor. Always behind it and trying to correct. The 
inaccuracy in pitch control is a significant part of problem 


PERFORMANCE: 

• Approach Tasks: 
ILS: 


Visual (Sidestep) : 
• Landing Tasks: 


• Differences: 


Poor until I got steady down then fair. Localizer 
degraded because of lack of attention. Airspeed was 
poor. Altitude control extremely difficult. 

Sidestep went O.K. laterally but got off in vertical 
flight path. 

Flare and touchdotm performance was very variable. If 
you are right on, it came out fairly decently. But if 
you're off and try to correct back, it was just hopeless. 
The pilot-airplane combination for any sizeable correc- 
tion IS very poor dynamically, very slow and very 
oscillatory. 

Both approach and landing were difficult. It was the 
landing that's going to kill you though. 


WIND .^ND TURBULENCE; 


Turbulence is distracting. Lat-Dir. was good. 


SUMMARY COMMENTS: Major problem is the slow, inadequate pitch response, 

difficulty in predicting what to put in to get what 
you want. Tend to overdrive it or to shift to a mode 
where you just kind of nudge it around, in which case 
you don't have the desired bandwidth in generating 
airplane responses. 
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TAIL r 

augT f 

! V 

^C,R. 

1 n/a 

1 T 


1 

CO 

1 

Short 

a... 

^DLC 

-10 A 

4.2 

— 

.87 

18 

A 



FLT/CONF. 630/3 
OATH 8/13/80 


WIND 

TURB. 


Headwind 

Light 


VISIBILITY Partly cloudy 8 
slightly hazy, 
Niagara 


AIRPORT 


FEEL: 

• Forces: 


Elevator forces on the heavy side, but not too heavy. 


• Displacement: 


Medium. 


• Sensitivity: Little low, but about right. Had to put nose down 

elevator trim in on final a couple of times. Don't 
understand that. 


PITCH ATTITUDE RESPONSE; 

• Initial; 

• Predictability: 

• Special Inputs: 

t PIO Tendency: 


Very slow initial response, ponderous. 

Poor. 

Either don't put mucli in and sit there and wait or 
try to overdrive it, but not too much. 

Definite tendency to PIO in pitch on flight path 
control close to ground. 


AIRSPEED CONTROL: 


Difficult and high vvorkload, but you can do it. 


PERFORi'lANCE : 

a Approach Tasks; 
ILS: 


Visual (Sidestep) : 
a Landing Tasks : 


a Differences: 


Glide slope and localizer not too bad except got high 
and fast close in. Airspeed was a problem, high 
workload. 

Sidestep easy but the vertical flight path was 
difficult to control and tended to get off. 

Flare and touchdown - I tried to control attitude. The 
best combination was to control attitude and do most 
of the flare with the elevator but not worrying about the 
tight control of sink rate, then control the sink rate 
with the DLC. That worked pretty well in the last 
two landings but I didn't have force feel on my DLC 
controller. DLC controller is not the best predictor 
type device, I tended to overdo it, maybe if I had 
force feel — I don't really know but anyway it's not 
optimized. That technique tends to work but it's high 
workload because you have elevator and aileron to control 
with your left hand and airspeed plus DLC with the right 
hand so you're busy. 

The most difficult to control is the flare and touchdown, 
but flight path and airspeed on final during turns was 
also a problem, Lat-Dir. is best part of this configura- 
tion. 


WIND AND TURBULENCE: 


Crosswind correction was easy. 
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Flt/Conf. 630/3 (Cont'd) 


SUMMARY COMMENTS: Major problem - High workload but I was able to stay out of trouble 

with the configuration by using the DLC, wereas, I would have gotten 
into a significant PIO in trying to flare, I felt slow and ponderous 
and difficult close to the ground as far as elevator control went. 

Good features - The DLC gave ne a tighter control of the sink rate 
near touchdoim and especially, I want this noted, to be able to 
start back doivn if I had overrotated with my elevator in pitch. To 
be able to start down promptly is highly desirable feature of the 
DLC - and then being able to take out that dovm correction quickly. 

It's very helpful. It makes it possible to come doim a little without' 
rotating, I'd never have gotten it done if I had to rotate the 
airplane. 
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PILOT 

A 

RATING 

10 

PIO 

6 


Clear 

Niagara 


FEEL: 

• Forces: 


Heavy on first approach, arm got tired. Increased 
gain by about 1,43 and then forces v\rere moderate. 


• ‘Displacement: Large. 


• Sensitivity: 


Too heavy on initial approach. Increase by 1.43. 


0 Trim: 


Didn’t use trim. 


PITCH ATTITUDE RESPONSE: 

• Initial: Delayed. 

• Predictability: Unpredictable. 

• Special Inputs: Not too special IFR. 

VFR you try to perform flare and touchdovm you get 
divergent PIO, 

• PIO Tendency: 

AIRSPEED CONTROL: Taxiing, lots of attention, 

PERFORMANCE : 

• Approach Tasks: 

ILS: Not bad at all. Airspeed was little poor. 

Visual (Sidestep) : Sidestep easy. 

• Landing Tasks: Flare and touchdown - go into PIO and it was just 

hopeless. Tried three landings and couldn’t do it. 
Safety pilot took control. 

o Differences: Landing is more difficult, it’s divergent PIO. 

WIND Afs'D TURBULENCE: Turbulence was submerged in other problems, Lat-Dir. 

only good thing. 

SUM^IARY COHf-lENTS: Major problem - PIO in flare and touchdovm. It was 

divergent. I couldn’t land it in three attempts. 
Everything proceeded normally until I got down to 
about 200 ft and then it fell out of the sky on the 
flare and I went into a PIO, overrotate, balloon, 
overrotate down, etc.. 
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SHORT AFT TAIL q AUGMENTATION - PILOT COMMENT SUMMARIES 


Med q 

High q = -10 •) 

High q 10') 

High q 
Ex-High q 


Aj Shuttle lag/delay 
A 
A 
A 
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PILOT A 

RATING 9 
PIO A 


FLT/CONF. 

619/3 

WIND 

5-10 kt tailwind 

VISIBILITY 

Clear 

DATE 

8/4/80 

TURB. 

Light 

AIRPORT 

Rochester 


Medium 

Large 

Asked that be increased after first approach. 
Didn’t use trim. 


FEEL: 

• Forces: 

• Displacement: 

• Sensitivity: 

• Trim: 


PITCH ATTITUDE RESPONSE: 

9 Initial: Very sluggisli and delayed. 

• Predictability: Difficult to predict. 

• Special Inputs: Stay on top of it all the tine. In flare you 

had to generate a lot of corrective lead type inputs to 
nurse the response towards what you want. 

9 PIO Tendency: Very strong PIO tendency but it can be made 

convergent, 

AIRSPEED CONTROL: Poor primarily because I didn't have time to give 

It much attention. 


PERFORMANCE : 

« Approach Tasks: 

ILS: Glide slope was fair. Localizer reasonably good. 

Airspeed had excursions. 

Visual (Sidestep): Sidestep easy. 

• Landing Tasks: Flare and touchdown was a problem, had a tendency 

to overrotate. PIO, whenever you wanted to make 
a correction in flight path. Just don't know what 
kind of an input to put in. 

• Differences: Approach was a lot less difficult than landing, 

WIND AIJD TURBULENCE: It is turbulent today wlvich makes it hard to ever 

really get set up. 

Lat-Dir good. 

SUMMARY COMMENTS; Major problem is pitch PIO in flare and touchdown. 

Difficult to predict what kind of input to put in 
to get the flight path response you want. 
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TAIL 1 AUG. 1 X 1 t J^q \ n/a i T 1 t 1-2 1 t 'v-p 

tr Q p -L H ^ 

Short q,,. -10 A 4.2 1.0 .87 18 A 

^Hi 

PILOT B 
RATING 6 
PIO 3 

FLT/CONF. 615/5 WIND Headwind VISIBILITY i 

DATE 7/31/80 TUUB. Light AIRPORT 1 

Clear 

Niagara 


FEEL: 

• Forces: No problem,, 


• Displacement: No problem, 

» Sensitivity: 0,K, 

PITCH ATTITUDE RESPONSE: 

• Initial: Pitch response was excellent. Certainly at all 

times except the very last approach, even then 
I was able to retain a reasonable control. Initial 
resjjonse was good. 

• Predictability: Predictability was good. 

• Special Inputs: Not to make inputs near the ground. 

• PIO Tendency: If you use the wrong technique. It's related 

to technique you use. 

AIRSPEED CONTROL: Good on first and reasonable on the second. 

PERF0R:-IAI'ICE : 

• Approach Tasks: 

ILS: You can do excellent ILS, It's an excellent 

airplane. 

Visual (Sidestep) : Good visually down to last bit but you got to get 

organized there. You have to get set up so you 
come through the window correctly and then almost 
hands off technique close in. Use the trim to make 
inputs . 

• Landing Tasks: Flare and touchdown was the problem. Performance 

was both good and bad. It's very much a function 
of control technique, 

• Differences: Difference is significant and landing is clearly 

the most difficult, 

WIND AND TURBULENCE: Wind and turbulence v^as not a factor, Lat-Dir was 

not a factor. 

SUMf'I/'.RY COMMENTS: Major problem is precision of height control near 

the ground. I'd like to see it again, didn't get 
consistent results. 
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TAIL 1 
Short 

augt r 

"4; 

^C.R. 

n/, 1 I 

l-Z 1 t.'vp 

sp 1 

PILOT A 

RATING 9 


-10 A 

4.2 1.0 .87 

18 A 


Hi 




PIO 4 

FLT/CONF. 

619/4 

WIND 

S-10 tailwind 

VISIBILITY 

Clear 

DATE 

8/4/80 

TURB. 

Light 

AIRPORT 

Rochester 


FEEL: 

• Forces: Medium or a little heavier. No steady forces in 

the turn. 


0 Displacement: Medium or a little larger. 

• Sensitivity: About right but the feel is terrible, it ;just — you 

don’t feel like you are too connected to the 
airplane. 


PITCH ATTITUDE RESPONSE: 

• Initial: 

• Predictability: 

• Special Inputs: 

9 PIO Tendency: 


Delayed, 

Not at all good, but adequate for IFR portion. 

It's no way near adequate for flare and touchdown. 

Had not developed one. 

Definite tendency to PIO, 


AIRSPEED CONTROL: 


PERFOWIANCE: 

• Approach Tasks : 
ILS: 


Visual (Sidestep) : 
a Landing Tasks : 


« Differences: 
WIND AND TURBULENCE: 

SUMMARY COMMENTS: 


Difficult in the approach. You were so busy in the 
flare that airspeed control was not existent. 


Fair but workload was high. Arispeed control was 
a problem also rate of climb. Localizer didn't 
seem to correct as v^ell as others. Performance 
was certainly adequate. 

Sidestep was not difficult. 

The flare is tlie problem, especially down close to 
touchdown. Tended to ovsrrotate. Flight path 
just doesn't v^rant to go that last 6 inches or one 
foot. I ended up with the flight path going up and 
then it's hard to correct, end up with another shot 
back down on the runway with sink rate that is too 
large. 

By far the landing was the most difficult. 

Turbulence was a problem, it knocks you off the 
glide slope and it's very difficult to get back on, 
Lat-Dir pretty good. 

Ma^jor problems was flare and touchdown. I'm tired 
having crappy airplanes in the flare and touchdown. 

If you can't build them any better than this, we bette: 
not build them. 
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TAIL 

Short 

AUG. 1 X 1 

^C.R. 

^Hi 

A 

n/a \T^ 1 

4.2 1.0 .87 

l-Z 1 T-'V'P 

sp i ^ 

18 A 

PILOT A 
RATING 5 
PIO 3 

FLT/CONF. 630/1 

WIND 

6 kt headwind 

VISIBILITY Partly cloudy 

DATE 

8/13/80 

TURB. 

Light turbulence 

AIRPORT Slightly hazy 

Niatfara 


FEEL: 

9 Forces: 

(j Displacement: 
9 Sensitivity: 

9 Trim: 


Heavy initially, medium after I increased the gear- 
ing. No force required for turn. 

Large initially, medium after gain increase. 

Prefer the higher setting. 

Didn't use trim, didn't liave to. 


PITCH ATTITUDE RESPONSE: 
0 Initial: 

9 Predictability: 

9 Special Inputs: 


Little delayed and sluggisli. 

Little hard to predict final but adequate. 
I was probably overdriving it some. 


9 PIO Tendency: I hate to call it a PIO but it certainly had some 

overcontrol tendency in flare and touchdovvn, which 
appeared as an oscillation. 


AIRSPEED CONTROL: 

PERFORiWCE : 

9 Approach Tasks: 

ILS: 

Visual (Sidestep) : 

o Landing Tasks : 

• Differences: 


1/IND AND TURBULENCE; 


SUMMARY C Of DENTS: 


Fair, required attention. 


Somewhat busy, had airspeed variations. Glide slope 
attention took some attention off localizer. 

Airspeed, noticeable workload. 

Sidestep was easy. Didn't have much trouble with 
vertical flight path. 

Flare - I was a little behind, but I had control. 

Approach and landing similar difficulty with a little 
more trouble witli the touchdown. 

Turbulence added to airspeed corrections. 

Lat-Dir, pleasant but a little heavy. 

No major problems but the airplane is slow, sluggish 
responding in pitch. But I do Ivave adequate control. 
Didn't get desired performance in airspeed or 
flight path control in the flare and touchdown. 
Tendency to be late in the flare, ponderous and 
a little hunting for the ground in pitch. 
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TAIL 

1 aDg^^ 

1 1 * 7 '^^ 

C.R, 

1 n/a 1 1 

l-Z 1 

sp 2 ^ 

PILOT 

B 

Short 


-10 A 

4.2 1.0 .87 

18 A 

RATING 

4 






PIO 

2 

FLT/CONF. 631/5 

WIND 

12 kt headwind 

VISIBILITY Light rain 

and hazy 

DATE 

8/14/80 

TURB. 

Moderate 

AIRPORT Buffalo 



FEEL: 


• 

Forces: 

Reasonable. 

0 

Displacement: 

Reasonable. 

9 

Sensitivity: 

Reasonable. 

PITCH ATTITUDE RESPONSE: 
• Initial: 

Slow, 

• 

Predictability: 

No problem. 

e 

Special Inputs: 

No. 

0 

PIO Tendency: 

No . 

AIRSPEED 

CONTROL: 

O.K.. 

PERFORMANCE : 

9 Approach Tasks: 
ILS: 

Satisfactory, 


Visual (Sidestep) ; 

Satisfactory. 

a 

Landing Tasks: 

Flare - used more gradual throttle changes and it 
seemed to work out better. I had more trouble 
with the directional and lateral correction in that 
particular landing than anything else. I was 
unable to really get set up for it. I don't think 
it's a fair offset for a large airplane - I would have 
gone around. 

9 

Differences: 

No significant difference between approach and 
landing. 

WIND AND 

TURBULENCE: 

The crosswind seemed larger than usual, I had both 
hands on the wheel and a lot of rudder, more than 
I've been used to. 

SUMMARY 

COMMENTS: 

No major problems, I thought it was a little slow 
in pitch, a little tendency to be less precise 
than you want. Had a little tendency to overcontrol 
in the flare but wasn't set up very good. 
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TAIL 1 

Short 

mjgt rx r 

^C.R. 

qHi -10 

^ DLC 

A 

1 n/a 1 T 1 T„ 

q h 

4.2 1.0 .87 

1 T-'Vp 

sp 1 ^ 

18 A 

PILOT 

RATING 

FIO 

A 

5 

3 elev, 
2 DLC ‘ 

FLT/CONF, 

629/3 

WIND 

15 kt headwind 

VISIBILITY Partly cloudy 

DATE 

8/12/80 

TURB. 

Moderate 

AIRPORT 

Niagara 


FEEL: 

• 

Forces: 


Medium 

(See Detail 
experience) 

Comments 

for DLC 

9 

Displacement: 


Medium 




e 

Sensitivity: 


Probably should have 

tried it a little higher. 


PITCH ATTITUDE RESPONSE: 
o Initial: 

• Predictability: 

9 Special Inputs: 

a FIO Tendency: 


Delayed, 

Not quite so good v^ith elevator. 

Overdrive a little maybe. 

None on glide slope but some in the flare and 
touchdoivTi v^ith elevator. 


airspeed CONTROL: 

PERFORi'lAI.'CE: 

« Approach Tasks: 

ILS: 

Visual (Sidestep) : 
9 Landing Tasks : 

9 Differences: 


WIND AI^D TURBULENCE: 


SUMMARY CQ^^^ENTS: 


Requires a lot of thrust in turns. 


Fairly good. Didn't use DLC in approach. 

Sidestep easily done in roll but some tendency 
to lose the flight path in vertical. 

Flare - If done with the elevator, the response 
is delayed and some tendency to oscillate, tendency 
to overrotate. Touchdown performance, only did 
one with elevator and that one wasn't too bad. 

The landi.ig Is more difficrlt than the approach. 

Flare and touchdown with the DLC, it is only used 
on flight path l?ut it is difficult to know how 
much change in h that you are commanding. I just 
moved the thumb control and see what happens. After 
a few landings, I was doing it about right. 

Crosswind corrections were O.K.. Some tendency 
to»aneglect the crosswind when using DLC. 

Major problem is four controls, I was learning and it 
is probably a help but I'm not sure that's the kind - 
of help I want. Workload is high with four con- 
trollers. I'm still learning to use DLC and the 
controller isn't optimized. Sense of control was 
O.K., never used it backwards. 
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TAIL f 

AUG. 

r 

R 


1 n/a 

TT R— 

q R 

l-Z 

sp 

1 

PILOT A 

Short 

^Hi 

+ 10 

A 

4.2 

1.0 ,87 

18 

A 

RATING 5 

nrn 


PIO 


FLT/CONF. WIND 260^ 0 15 kt VISIBILITY Partly cloudy 

DATII 8/12/80 TURB. Moderate AIRPORT Buffalo 


FEEL: 

9 Forces; 

• Displacement; 

• Sensitivity: 

• Trim : 


Medium 

Small to medium 
Liked the value I had. 
Didn't have to trim. 


PITCH ATTITUDE RESPONSE: 
9 Initial: 

• Predictability: 

• Special Inputs: 

• .PIO Tendency: 

AIRSPEED CONTROL: 


PERFORJIAircE; 

• Approach Tasks: 

ILS: 

Visual (Sidestep) : 
9 Landing Tasks : 


• Differences: 


Delayed a little but didn't seem to give me any 
significant problem in the flare and touch n. 

Seemed predictable. I didn't overrotate. 

None . 

None . 

Principal problem vvas airspeed control. Wasn't bad 
when I was wings level constant speed flight but 
if I would be turning or rolling out of the turn or 
in response, it had a tendency to get slow or fast. 
Sluggish thrust response. 


Quite good ILS and localizer. Turning, I had little 
trouble with airspeed. 

Easy to correct and no problem with vertical flight 
path during the maneuvero 

I landed a little early and hard on first two but I 
think the problem is primarily getting used to 
Buffalo airport and the radar altitude for this 
runway. (Sharp change in elevation near threshold). 
Third landing, the sink rate was kept small without 
overrotation. No special technique, except watch 
airspeed. 

Approach was more difficult because of airspeed 
control. 


WIND AiND TURBULENCE: Not sure what the effect of turbulence was. Crosswind 

easy. Lat-Dir was good, 

SUMI'IARY COMMENTS: Principal problem was airspeed control, did not get 

desired performance. Good features - Lat-Dir and in a 
sense the pitch control and the flare and touchdown 
wasn't bad. 
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TAIL I AUG^ 

Short q„ 10 

Mil 

FLT/CONF. 6n7l 

DATE 8/14/80 


FEEL: 


• Forces: 

0 Displacement: 
a Sensitivity: 
a Trin: 


PITCH ATTITUDE RESPONSE: 
a Initial: 

9 Predictability: 

9 Special Inputs: 
9 PIO Tendency: 


Vy'^'q I n/a IT 

A 4.2 1.0 


WIND SW @ 12 let 


TURB. Light 


, RATINGS land, 
3 flare 

VISIBILITY Light rain and 
slightly hazy 

AIRPORT 


No complaints. 

No complaints. 

Satisfactory. 

I really didn't like the airplane even in tlie 
approach. It didn't seem to trim in an attitude 
and hold it, I had to be trimming all the time. 
V/asn't a solid airplane on approach. 


Little bit delayed. I didn't have a great deal 
of difficulty, didn't feel smooth, a little lumpy. 


No tendency toward a PIO except right near the 
end. Tend not to want to touch it, lack of 
controllability you would like to see in the 
flare. 


AIRSPEED CONTROL: 


Reasonable, required work but could get job done. 


PERFORllAT^CE: 

• Approach Tasks ; 

ILS: No problem on ILS, throttles are used open loop, 

you move the throttle and wait an hour until it 
settles doim. 

Visual (Sidestep) : No difference from IFR, 

The real differences is in flare and touchdown. The 
problems are an inability to fly in a natural fashion 
and be precise with a touchdown point without feeling 
that you are going to overcontrol and hit the ground , 
too hard and fall out the bottom like I did on the secon 
one. The clear problem is the landing, it’s significant 
right near the end. Lot of mental \/orkload to keep 
from overcontrolling and getting into a balloon situatio 
in touchdo;m. You can hit the ground pretty hard in 
this airplane. 

Wind and turbulence not really a factor. Crosswind 
WIND ^’D TURBULENCE: no problem, Lat-Dir. not a factor. 

Major problem is the last 30-40 ft in the landing. I just have a 
SUMMARY COi'IHENTS: feeling that I am not totally in control of the rate of sink at 

touchdown, or the touchdown point. Worry about hitting ground too 
hard. Second landing contributes to this fear. On approach it is 
something like a 4, 


• Landing Tasks: 
9 Differences: 
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TAIL r~ 

AUG. r 

C.R. 


1 n/a 1 T 


l-Z 1 t.-vp 

sp I ^ 

PILOT A 1 

Short 

%Ii 

50 

A 

4.2 1.0 

.87 

18 A 

RATING 4-1/2 








PIO 1 

FLT/CONF. 

629/2 


WIND 

260"" @ 15 kt 


VISIBILITY Partly cloudy 

DATE 

8/10/80 


TURB. 

Moderate 


AIRPORT Buffalo 


FEEL: 


• 

Forces: 

Medium 

and comfortable. 

• 

Displacement : 

Medium 

to small. 

9 

Sensitivity: 

Didn’t 

do any trimming. 

PITCH ATTITUDE RESPONSE: 
9 Initial: 

Prompt 

for a big airplane. 

9 

Predictability: 

Pretty 

predictable. 

9 

Special Inputs: 

None. 


9 

PIO Tendency: 

None, 


AIRSPEED CONTROL: 

Bit of 

a problem. 


PERFORIlAi;CE: 


9 Approach Tasks: 

ILS: 

Visual (Sidestep) : 

• Landing Tasks: 

• Differences: 


Very tood. 

Airspeed on ILS was fair. 

Sidestep was easy. 

No particular problem in flare. 

Approach was more difficult, I had to watch the 
airspeed a lot and had problems with speed in the 
flare. 


WIND AND TURBULENCE: Crossitfind corrections were easy, took turbulence in 

stride. Lat-Dir were good. 

SUMMARY COMMENTS: Major problem was airspeed control and thrust lag. 

Don’t know where to put the throttle to get the trim 
thrust back. Have to look at throttle and guess 
where to put it. Didn’t get desired performance 
in airspeed. On last approach turning final, I let the 
airspeed get down to 142 kt and with full power on, 
nothing much happened, gradually started to pick up. 
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TAIL 1 
Short 

AUG. T 
%i 

1 

^C.R, 

50 

A 

In/a \ T 
4.2 1,0 

Tt/ T-2 I 

R sp 1 ^ 

.87 18 A 

PILOT B 
RATING 3 
PIO 1 

FLT/CONF. 

631/4 


WIND 

SW § 12 kt 

VISIBILITY Light rain and 

DATE 

8/14/80 


TURB. 

Moderate 

AIRPORT slightly hazy. 

J NiaL'ara 

FEEL: 

0 

Forces: 



No problem. 




9 Displacement: 

9 Sensitivity: 

PITCH ATTITUDE RESPONSE: 
9 Initial: 

9 Predictability: 

9 Special Inputs: 

0 PIO Tendency: 

AIRSPEED CONTROL: 

PERFORIIANCE: 

0 Approach Tasks: 
ILS; 


Visual (Sidestep) 
0 Landing Tasks : 

0 Differences: 

WIND AND TURBULENCE: 


SUMMARY COMMENTS : 


No problem. 
Satisfactory. 

Good, 

Predictable. 

None. 

None. 


Didn't achieve the performance on first two approaches 
that I expected. There was some confusion of the 
first couple. Concentrated a little more on third 
one and you can do the job. 

Can do. 

Felt I had reasonable control of sink rate and 
touchdown point. 

No real difference between approach and landing. 

Final flare was a little more difficult. 

Felt turbulence in ride quality sense, not in terms 
of control problem. Crosswind correction required 
seemed to change as got closer to ground, maybe 
variable wind. 

No major problems. Good features - sense of control' 
near the ground, I could control the sink rate in 
satisfactory manner. I must admit that knowing 
the kind of airplane (short taxi) that I'm flying 
and of course not knowing what on earth is going on 
with them - there is a tendency to want to say, well, 

I should be having more difficulty a reluctance 

to give full marks for precision. 
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TAIL T" 
Short 

AUG. r 

^C,R. 

-10 

1 n/a 

Shuttle 4.2 
lag/delay 

T 

1.0 

.87 

l-Z i 

sp 2 ^ 

18 A 

PILOT B 
RATING 9 
PIO 5 

FLT/CONF. 

DATE 

631/2 

8/14/80 


WIND 

TURB. 

SW @12 
Light 

kt 


VISIBILITY Light rain and 

AIRPORT slightly hazy 

Niagara 


FEEL: 

• Forces; 


O.K,. 


0 Displacement: O.K... 

• Sensitivity: Satisfactory. 


9 Trim: Has PIO tendency if you hand fly it at any time on an 

accurate attitude. You can fly with the trim most 
of the approach, but near the end if you are trying 
to make a correction, it's very difficult to avoid 
a PIO. 


PITCH ATTITUDE RESPONSE: 
9 Initial: 

9 Predictability: 

9 Special Inputs; 

9 PIO Tendency: 


Big initial delay. 

Poor. 

Use trim as much as possible; not make any inputs. 

PIO anytime you try to be accurate with the airplane. 


AIRSPEED CONTROL; 


Reasonable. 


PERFORMAJ^’CE: 

9 Approaclx Tasks: 
ILS: 


Using trim, could achieve adequate ILS. 


Visual (Sidestep) ; 


a Landing Tasks: 


o Differences: 


Sidestep can be done, rather not have to though. You 
would like to be stabilized far out on final and not 
have to touch anything. 

Flare and touchdown is clear problem area. Special 
technique is to try to stay out of loop. It's a 
very tense airplane to fly near the end because 
you're worried that you are going to touch it at the 
wrong time and get into an oscillation. 

Tendency to PIO and landing is most difficult. 


WIND ATsD TURBULENCE: 


Wind and turbulence no problem. Lat-Dir, not a 
factor. 


SUIIMy\RY COMMENTS: Major problem - lack of predictability in the pitch 

response combined with a difficult airplane to feel 
a sense of control of sink rate near the end of the 
flare. Can't consistently land it with acceptable 
sink rate. Inability to make corrections in the 
flare. 
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fiote: 

L 


TAIL 

aug: rx (XX 

R. 

in/a \ T 


l-Z 

sp 


PILOT 

B 

Short 

Hi: n- A 

^ExJli 

4.2 0,5 

.87 

18 

A 

RATING 

4 







PIO 

2 


FLT/CONF. 67.1/3 
DATi: 8/14/80 


WIND 

TURB, 


SW @ 12 kt 
Moderate 


VISIBILITY Light rain and 
slightly hazy. 
Niagara 


AIRPORT 


FEEL: 

9 Forces; 

9 Displacement: 
o Sensitivity: 

9 Trim: 


No complaints. 

No complaints. 
Satisfactory, 

Decent airplane to trim. 


PITCH ATTITUDE RESPONSE: 
• Initial: 

0 Predictability: 

« Special Inputs: 

0 PIO Tendency: 


O.K.. 


Good. 

Could fly the airplane and not feel apprehension 
and muscle tightening worry about getting into trouble 

None. 


AIRSPEED CONTROL: What you want to make it. Satisfactory. I found 

I was actually relaxing in this airplane compared 
to some. In relaxing you tend to get a little sloppy. 


PERF0RR4NCE: 

9 Approach Tasks ; 
ILS: 


No problem. 


Visual (Sidestep) : No problem. 

9 Landing Tasks: I may be learning to fly these things. I seem to have 

a lot more confidence with this airplane that I could 
put it down where I wanted it. Felt like I had to 
work just a little bit at the end, a little sense 
of caution, but I kept things under control. 

0 Differences: Landing clearly more difficult than approach. 


WIND AiND TURBULENCE: 


SUMMARY COMMENTS: 


Didn't notice turbulence problems, but crosswind 
seemed stronger than before. The correction takes 
time, it's slow coming around. Have to get 
organized as you would in a big airplane, allow a 
reasonable distance, you can get it done. 

Major problem - none. I felt a sense of relief being 
able to fly the airplane close to the ground without 
PIO. I felt a little apprehension at the end and 
a little work. I feel comfortable with this air- 
plane but I don't feel like I'm achieving the 
performance that I expect. 
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Appendix IV 

OPEN-LOOP AIRCRAFT PLUS COMPENSATED 
PILOT NICHOLS DIAGRAMS, 0/6 

E 


This appendix presents the open-loop aircraft plus compensated pilot 

Nichols diagrams for each Short Aft Tail configuration evaluated. The pilot 

model contains a .25 second delay and low-frequency integration capability 

( lead compensation was adjusted to achieve 

a closed-loop bandwidth (wgp/ ) of 1.5 rad/sec without violating the closed- 

0 

loop droop and resonance boundaries. The solution requiring minimum pilot lead 
was selected in most cases. The pilot compensation is discussed in Section 4,3,2. 


9/0 = ( t . s +1 

z tQ L \ s / ES 

The closed-loop analysis was performed using the 25 rad/sec feel sys- 
tem for all configurations. The caption on each plot defines the configura- 
tion. Also drawn on each plot are the closed-loop +3 dB, +9 dB resonance; 

-3 dB droop, and -90 degrees phase lines. The 1.5 rad/sec point passes through 

the -90 degree phase line indicating the closed-loop bandwidth. Listed on 
eacli plot IS the lead time constant used, phase compensation at and pilot 
rating/PIO rating received. The order of the frequency points is: 

(rad/sec) L = ,1, .12, .14, .16, .2, .24, .28, .3, .35, .4, .45, 

.5, .55, .6, .65, .7, .8, .9 

X = 1., 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, ,2.1, 

2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3., 3.1, 3.2, 

3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, 4., 4.1, 4.2, 

4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 5., 5.5, 6., 6.5, 

7,, 8., 9., 10. 
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Appendix V 

ADDITIONAL ANALYSIS RESULTS 


This Appendix presents the results of additional analyses which were 

conducted; 


Appendix V-A — 

V-B - 
V-C - 
V-D - 


Equivalent System Analysis 

Time History Criteria for Pitch Rate Response 
Open-Loop (Aircraft Only) Pitch Attitude Analysis 
Open-Loop (Aircraft Plus Uncompensated Pilot) Pitch 
Attitude Analysis 


None of the criteria which were evaluated correlated very well with the data. 

All of the criteria show the correct general trend of good ratings tending 
toward the good area of each criteria plot and bad ratings tending towards the 
Level 3 directions of parameter values. As mentioned in the body of this 
report, there are effects in the data that are not handled by the criteria. 

These are pilot location relative to center of rotation, backside operation and 
slow thrust response, and benefits and shortcomings of the augmentation systems. 
Some of these latter effects are gust sensitivity, low frequency and phugoid 
dynamics, elevator forces required in turns, backside and slow thrust response 
more critical for a-augmentation, and low q-augmentation is detrimental versus 
low a-augmentation. 
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Appendix V-A 

EQUIVALENT SYSTEM ANALYSIS 


Equivalent lower order systems were generated for each of the con- 
figurations by the Flight Dynamics Laboratory of the Air Force VVright Aero- 
nautical Laboratories. The pitch rate to stick force transfer function was 
matched with a first order numerator plus an equivalent time delay, over a 
second-order denominator. The lower order system match is of the form: 



F 

ES u) s-hoi^ 

sp^ sp^ 
e - e 

The match was done from .25 r/s to 10 r/s for 25 equally spaced 
frequency values on a log scale. The matching algorithm uses a cost func- 
tion of 

CO 

COST = — S ” LOp 

'^1 

where 

to denotes the input frequency gain is in dB 
Phase in degrees 
n is the number of frequencies. 

Tlie computer program did not require using an unstable root in any 
of the low order system matches for any of the configurations even though 
some of the configurations had an unstable root. 

The pure time delay effects of .06 seconds for the TIFS model- 
following or any intentionally introduced pure time delay (.07 records for 

= C) would add directly to the equivalent time delay shown in the low 
orSir^systera matches. 



The following is an explanation of the table of equivalent system 
parameters (Table V-A-1) for the Short Aft Tail configuration. 

The symbol P in the CONF (configuration) column signifies the first 
order command prefilter ^ ' iv si-1 ) included in the higher order system 
model. 


K = 


1 


T 


0 


e 




e 



numerator coefficient (NUM, COEFF.) 


equivalent numerator zero, fixed at the true value of L or — — 

^ ^ ^ 9 

allowed to run free, . 2 

equivalent time (^XIME^dLay) ' 


(This does not include any pure time delay effects such as 
the TIFS model-following delay of .06 seconds or any inten- 
tionally introduced pure time delay), 
equivalent damping ratio 

equivalent short period natural frequency, rad/sec 


or 


The upward pointing arrows beside some of the - — free values mean that when the 

I 

program was stopped, the value of — — was still being raised by the program 

® ^ 

(usually after about 2500 iterationsj. In all cases, the fit was excellent as 
shown by the relatively low value of the COST function. 


For n /a = 2 for the long aft tail configuration, the pitch rate 
z 

numerator did not reduce to two real roots, but instead, was two complex roots; 
so only free could be matched for this configuration. 

A 


The equivalent time delay matches for the 25 r/s feel system, the 
IS r/s feel system, and a 20 r/s first-order actuator are: 

25 r/s feel = ,058 sec time delay, COST = ,02 
15 r/s feel = .100 sec time delay, COST = .75 
20 r/s actuator = .048 sec time delay, COST = 1.75 
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Inspection of many of the configurations without the command prefilter (which 
adds about .09 seconds of equivalent time delay when included) shows that the 
equivalent time delay for these configurations is essentially due to the feel 
system and actuator dynamics. 


When two negative numbers are listed vertically in the columns, 

the equivalent system denominator for these configurations factored to t^o real 
roots at the values shown. 


A comparison of the equivalent system parameters w 


and Tj - to 
sp delay 


MIL-F-8785C criteria for short period frequency requirements ant allowable response 
delay for the Short Aft Tail configurations are shoim in Figure V-A-1, along 

*T 

with the pilot ratings received. Only points obtained with 
presented. 


'p 


fixed are 


The flying quality levels for equivalent time delay and short period 
frequency are combined in Figure V-A-2, iv’here the pilot ratings for the con- 
figurations flown are called out. 
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TABLB V-A-1. I:QUIVAL1;NT SYSTEM PARAMETERS 



CONF, 

NUM. 

COEFF. 

1 

T 

% 

FIXED? 

EQUIV. 
TIME DELAY 
* 

C u) 

COST 


rK =0 

.1068 

SHORT A 
.5158 

>T TAIL a- 
Y 

FEEDBACK 25 R 
.103 

/S FEEL 

- .03607 

5.18 


a 

K ^0 

.1094 

.8069 

N 

.106 

- .9061 

- .06391 

3.44 

Unaug< 

a 

K =0P 

.09322 

.5158 

Y 

.191 

-1.301 
- .06339 

17.96 


a 

K =0P 

.09332 

.5411 

N 

.191 

- .7434 

- .06601 

17.94 

Med , 

V- a 

Ck =, 85 

.1117 

.5158 

Y 

.104 

- .7719 
.949 .578 

1.92 

a 

[ K =.85 

.08747 

12.29f 

N 

.087 

- .6632 

.65 

Med J 

V a 

=.85P 

a 

.09761 

.5158 

Y 

.191 

-9.050 

.843 .563 

1 

21^76 

1 

K =. 85P 

.02174 

38.00 

N 

.114 

- .6666 

.82 


<K =1.25 
a 

.1134 

.5158 

Y 

.104 

-6.924 

.826 .705 

4.69 

1 

K =1.25 

.1093 

1.205 

N 

.100 

.808 1.020 

2.81 

High < 

a 

K =1.251 

CL 

.09901 

.5158 

Y 

,192 

.740 .682 

26.6 

1 

=1.2SP .05039 

11,58 

N 

.136 

-1.089 

7.01 


U 




1 

-3.939 

' 


*Does not include model-following time delays. 













TABLl: V-A-1. EQUIVALENT SYSTEM PARAMETERS [CONT'D) 



CONE 

• 

NUM. 

COEFF. 

1 

T 

% 

FIXED? 

EQUIV. 

TI^ffi DELAY 
* 


0) 

COST 


fV* 


SI 

.05808 

ORT AFT TA 
.5156 

IL n-FEEDI 
Y 

SACK, T= 1, 7 
q 

.104 

5 R/S FEEL 
.442 

.499 

1,84 

1 

V- 

K =1, 
q 

d5 

.05798 

.5275 

N 

.104 

,444 

.502 

1,82 

Med \ 

05P 

.05242 

.5156 

Y 

.195 

.396 

.493 

20.73 



OSP 

.05070 

.7174 

N 

.191 

.434 

.537 

17.27 


rv"* 

5 

.1430 

.5157 

Y 

.105 

.713 

.773 

.98 

Higli ^ 

V"- 

5 

.1431 

.5093 

N 

,105 

.714 

.770 

,98 

V"- 

SP 

.1250 

.5157 

Y 

,192 

,639 

.746 

17.10 


=2. 

a 

5P 

.1199 

.9327 

N 

.186 

.623 

,929 

14.52 

Ex-Hi <X=S. 

2 

.3695 

.5158 

Y 

.124 

.936 

1.32 

17.30 

II 

• 


2 

.3126 

1.927 

N 

.105 

.618 

2.17 

1.09 


*Does not include model-following time delayso 



TABLE V-A-1. EQUIVALENT SYSTBl PARAMETERS (CONT'U) 


CONF. 


fv- 

=. 

^ a 


=.85P 

=.85P 


(The following configurations were flown by Pilot D witli 15 r/s pitch, feel system) 


=1.25 

X 

=1.25 


K^=2.5 


K^=2.5P 

K =2.5P 
. R 

K =5.2 


NUM. 

COEFF. 


.09674 


.1417 

.1417 

.1239 

.1183 

.3647 

.3032 



FIXED? 

EQUIV. 
TIME DELAY 



COST 


* 





SHORT AFT TAIL a-FEEDBACK, 15 R/S FEEL 


.008055 100. 5f 

.1124 .5158 

.1075 1.338 


- .6733 
-6.755 


.705 

1.066 


SHORT AFT TAIL, q-FEEDBACK, = 1, 15 R/S FEEL 
5157 I Y I .146 I .708 .773 


.5157 

.5169 

.5157 

.9858 

.5158 

2.093 


.773 

.773 

.746 

.947 

1.315 

2.227 


27.22 

1.56 


2.54 

2.54 

22.20 

19.30 

20.53 

2.58 


‘Does not include model-following time delays. 









SHORT PERIOD FREQUENCY REQUIREMENTS - CLASS HI 
CATEGORY C FLIGHT PHASE (MIL-F-8785C) 








Equivalent Time Delay, sec 


~D — shuttle lag/delay 



" e 


Figure V-A-2. SHORT AFT TAIL CONFIGURATIONS VS ALLOWABLE TIME DELAY 
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Appendix V-B 

TIME HISTORY CRITERIA FOR PITCH RATE RESPONSE 


The time history criteria for pitch rate response was developed in 
Reference 4 to correlate easily obtained parameters from a time history with 
flying qualities levels. It avoids identification of dominant roots or 
equivalent system »”iOdels by working directly with the pitch rate transient re- 
sponse. To obtain the parameters for this criteria, the pitch rate response 
to a step input of pitch controller force is calculated from two degree-of- 
freedom equations of motion (i.e., with speed constrained). The response should 
exhibit the characteristics defined below. Two straight lines are drawn on the 
pitch rate time history and the following measurements are defined. See 
Figure V-B-1. 


TANGENT AT 
MAX SLOPS 


Pitch Rate Response to Step Input 
of Pitch Controller Force 



Figure V-B-1. TIME HISTORY CRITERIA PARAMETERS 


a) A horizontal line defining the steady state pitch rate. 

b) A sloping straight line tangent to the pitch rate time history 
at the point of maximum slope. This line is extended to inter- 
sect the steady state line and the time axis (maximum slope 
intercept) , 
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c) Time is measured from the instant of the step input to the 
time corresponding to the intersection of the maximum slope 
line with the time axis. 

d) Time is measured from the instant of the step input to the 
time corresponding to the intersection of the maximum slope 
line with the steady state line. 

e) The amplitude quantities and Aq^ axe measured as follows: 
Aq^ = maximum pitch rate minus the steady state; Aq^ = the 
steady state minus the first minimum. 

The above defined measurements shall meet the following design criteria. 
Effective Time Delay 

The time is considered an equivalent time delay and shall be 
within the limits specified below. 

- effective time delay in command path 

Level Pitch 

1 .12 sec 

2 .17 sec 

3 .21 sec 

These time delay values are nominal values found tolerable for demanding con- 
trol tasks (such as landing) in combination with good airplane dynamics. Sig 
nificantly smaller command path time delays may be required to realize accept 
able flying qualities in specific cases. Conversely, significantly larger 
values may be tolerable in less demanding tasks. 
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Transient Peak Ratio 


The transient peak ratio shall be equal to or less than the 

2 ^ A. 

following : 


Level 

1 

2 

3 


.30 

.60 

.85 


Rise Time Parameter 


limits; 


The parameter At = shall have a value between the following 


Nonterminal Flight Phases Terminal Flight Phases 


Level 

Min 

Ab 

Max 

Level 

Min 

At 

Max 

1 

(9) 

$ At ^ 

(500) 

•'r 

1 

T 

V/ 

<I 

(200) 

’'r 

2 

(3.2) 

‘V 

^ Ar « 

(1600) 

2 

(3.2) 

T — 

T 

At 

C645) 

''l 


where: - ft/sec, true airspeed. 


Constant-speed pitch rate responses to step force input were 

computed for all of the configurations with the 25 rad/sec feel system. These 
are presented at the end of this Appendix. The effective tine delay (t,), includ- 
ing the TIFS pitch model -follov.'ing delay of .06 seconds, and rise time parameter 
(A“) were measured from these responses and are tabulated on Table V-B-1 for the 
Short Aft Tail configurations. Transient peak ratio is not presented, as the 
values for this parameter were Level 1 for all configurations. The results from 
this analysis are also presented in Figure V-B-2 where the configurations with 
pilot ratings are spotted on the effective tine delay and rise time plane. 

Flying qualities levels are indicated on this figure. For the rise time param- 
eter, '/y = 253.2 ft/sec and the terminal flight phase limits were used. 
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TABLO V-B-1. TIMH HISTORY CUITKRIA 
Pitch rate response to step force input. 

~ Effective time delay, sec — maximum slope 
intercept 

At - Effective rise time, sec — time between 
maximum slope intercept of time axis and 
steady state value 


< 

I 

03 

I 


CONPIGURATION 

LEVEL OP DELAY {Tn') 

A 


1 

C 


AA 


ht 


At 

Short Aft Tail Med a 

.14 

1.59 

.23 

1.74 



High a 

.14 

1.03 

.22 

1.16 



Med q 

.14 

2.06 





High q 

.13 

.94 



(.39 

1.06)* 

Ex-High 

.14 

.44 






*T^ - .35 (shuttle lag/delay) 

evaluated witli 25 rad/sec feel system. 


values for the 15 rad/sec feel system are 0.04 sec larger. 












Effective Time Delay, sec 


.4 + 


.24- 




.1 + 


© 


Pilot Ratings shown for 

• a- Feedback 

■ q- Feedback 

lio Circle - Pilot A 

Circle - Pilot B 

Level Boundaries from Ref. 4 
SCR Flying Qualities Criteria 


10 




10 


LEVEL 3 


© 


©© •©■ 



9,8,6(DLC1 


, 9,S,5(DLC) 


LEVEL 2 


10 




T 1 1 1 1 1 T 


1 . 2 . 

At 'yj Rise Time, sec 


T i 1 r 


Figure V-B-2. SHORT AFT TAIL CONFIGURATIONS VS TIME HISTORY CRITERIA 
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PITCH RATE RESPONSE - TIME HISTORY CRITERIA PLOTS 


Tlie following figursb present the constant speed tine histories of 
pitch rate response to a step force input for each Short Aft Tail configura- 
tion evaluated. The captions beneath each tine history define the configura- 
tion. The tine histones were normalized so that the steady state for each 
configuration (except the unaugnented ones) was 1. The 25 rad/sec feel sys- 
tem was used to calculate the tine histories. The 15 rad/sec feel system 
would increase the value by 0.04 sec. The TIPS pitch model-following 
delay of .06 seconds is included. From these tine histories effective time 
delay (r,) and rise tine (At) parameters were measured. 


V-B-6 



































































































0 } 80 





































































































V-B-13 











































































































Appendix V-C 

OPEN-LOOP (AIRCRAFT ONLY) PITCH ATTITUDE ANALYSIS 


In this analysis the open-loop, aircraft-only, pitch attitude band- 
width was obtained and combined with equivalent time delay for correlation with 
pilot ratings and comments. This is the bandwidth criterion suggested by STI 
in Reference 7 where the bandwidth is defined as the lower of the frequencies 
which yields a 6 dB gain margin or 45 deg, phase margin. To easily obtain these 
values for each configuration, the aircraft’s open-loop pitch attitude to stick 
force transfer function (0/F„<,) was plotted on a Nichols diagram. 

The frequency for 6 dB gain margin was obtained by shifting the curve 
vertically so that it went through -180 deg. phase angle with a magnitude of 
-6 dB. Then the frequency at which this shifted curve passed through 0 dB was 
measured. This crossover frequency was the bandwidth based on the gain margin. 

The frequency for 45 deg. phase margin was obtained by measuring the 
frequency at which the curve passed through -135 degrees open-loop phase angle. 


This procedure is shown in the follov^ing sketch: 
Open-loop 
gain 




A tabluation of the results of these measurements for the Short Aft 
Tail configurations is presented in Table V-C-1. For all of the configurations, 
the banduidth was determined by the frequency at 45 deg phase margin. Plots 
of equivalent time delay from the equivalent system analysis (Appendix 

V-k) versus these calculated open-loop bandwidths are presented in Figure V-C-1. 
Pilot ratings for the individual configurations evaluated are pointed out on 
these plots. Also plotted are the Level 2 and 3 boundaries from Reference 7 
for fighter landing approach data. 


V-C-2 



0 
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I 

n 

1 

iti 


TABLII V-C-1 

OPEN LOOP BANDWIDTH (RAD/SEC) FOR d/F^^ 
FREQUENCIES FOR 6 dB GAIN MARGIN AND 45 PHASE MARGIN 
Open Loop Bandwidth Defined as Lower of the Two Values 



35 (shuttle lags/delay) 









Equivalent Time Delay, sec 


m 







Appendix V-D 

OPEN-LOOP (AIRCRAFT PLUS UNCOMPENSATED PILOT) PITCH ATTITUDE ANALYSIS 


A simplified method of analyzing the closed-loop, pilot-aircraft 
behavior that has been used to correlate pilot ratings was developed in Refer- 
ence 5. In this method, only the airplane pitch attitude and uncompensated 
pilot model transfer functions are necessary* The open-loop, uncompensated 
pilot-aircraft transfer function (0/9 ) is plotted on a Nichols diagram. 

The slope of this line, ^ J , at some reference frequency is a measure of the 
closed-loop resonance. The more positive tiie slope becomes, the lower the 
closed-loop resonance will be. The differential phase angle Ajlg between -90 
deg and the phase angle at the reference frequency is a measure of the amount 
of lead compensation that the pilot must apply: the larger the differential 

phase angle, the larger the lead must be. 


Nichols diagrams were obtained for each evaluated configuration with 
the uncompensated pilot model: (The 25 rad/sec feel system was used in this 

analysis) . 


0/9 


e 





The transfer function was normalized by adjusting the gain such that the 
curves would pass through 0 dB at oj = 1 rad/sec. The measurements taken do 
not depend upon iC . A reference frequency was chosen as 1.2 rad/sec. These 
Nichols diagrams are presented at the end of this Appendix. A tabulation of 
the slope and phase measurements taken off of these plots for the Short Aft 
Tail configurations is shoivn in Table V-D-1. These measurements are also 
plotted on Figure V-D-1. The pilot ratings for each configuration are also 
indicated on this figure along with flying qualities level boundaries from 
Reference 8. 


The open-loop slope 



is high enough for all of the configura- 


tions that it is not a factor. The differential phase is, however, an 
important variable in this analysis. As the phase grows more negative, the 
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pilot ratings become worse. The large negative phase angles correspond to the 
configurations with extra lags and delays inserted = B and C) . They also 
correspond to the configurations with lower levels of augmentation. This indicated 
that these configurations will require large amounts of pilot lead in the closed 
loop to achieve desired performance. 



ft 


* 


TAB LI: V-D-1 


CONFIGURATION 


Short Aft Tail Med a 
High a 

Med c/ 
High cf 
Ex-High q 


OPEN LOOP e/i-’ PLUS UNCOMPENSATED PILOT 
tb 

SLOPE (Ijj VS, DIFFERENTIAL PHASE (AjlO) 

AT REFERENCE FREQUENCY, = 1.2 RAD/SEC 

6 

0 , , „ Ss+l ,-,25s 0 

57 ^“^ - ^ ^ 

25 rad/sec Feel System 


LEVEL OF DELAY 



A^0j deg 

LA 

dB/deg 

A^O, deg 

dB/deg 

A^0, deg 

-100 

„33 

-107 





*T = 
1 


35 (shuttle lag/delay) 














(hA/hi) t dB/deg Open Loop Slope 


(s) 


0 

Open Loop — (s) = 5s + 1 ^-.2Ss 9 

^ ‘6s 

Slope ?t A Phase at tiig = 1.2 rad/sec 





A^ 9, deg Open Loop Phase 


Figure V-D-1. SHORT AFT TAIL OPEN LOOP 9/F^^ PLUS 

UU 

UNCOMPENSATED PILOT, SLOPE VS PHASE 
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OPEN-LOOP AIRCRAFT PLUS UNCOMPENSATED PILOT NICHOLS DIAGRAMS, 6/8^ 


The following figures present the open-loop aircraft plus uncompen- 
sated pilot Nxchols diagrams for each Short Aft Tail configuration evaluated. 
The pilot model contains a .25 second delay and low frequency integration cap- 
ability The gain adjusted to normalize the curves to force 

them through 0 dB at u = 1. rad/sec. (The 25 rad/sec feel system was used). 


9/0 

E 



25s 

e 



The measurements taken from these plots were the slope \'^j > dB/deg and the 
differential phase at 1.2 rad/sec (A^ = [phase ^ cu = 1.2 radf + 90 deg). The 

captions on each plot define the configuration. The order of the frequency 
points are: 


u) irua/sec) A 




,1, ,12, .14, .16, .2, ,24, .28, .3, .35, .4, .45, 
,6, .65, .7, ,8, .9 
above frequencies x 10. 
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Appendix VI 
RECORDING LIST 




Variable (all incremental values 
referenced to engage value) 

Recording Scale 
Pactor, units/volt 

1 

A6 

m 

- 

incremental pitch attitude, model 

2.5 deg 

2 

A0 

- 

incremental pitch attitude, TIPS 

2.5 deg 

3 


- 

pitch rate, model 

2. deg/sec 

4 

q 

- 

pitch rate, TIPS 

2. deg/sec 

s 



incremental angle of attack, 
inertial, model transformed to 
TIPS c.g. 

2. deg 

6 

Laj 

- 

incremental angle of attack, 
inertial, TIPS 

2. deg 

7 

A7 

m 

- 

incremental velocity, model 

33.3 ft/sec 

8 

LV 

- 

incremental velocity, TIPS 

33.3 ft/sec 

9 

• 

^MTCG 

- 

longitudinal acceleration, model 
transformed to TIPS c.g. 

2. ft/sec^ 

10 

• 

V 

- 

longitudinal acceleration, TIPS 

2. ft/sec^ 

11 

hll 

- 

normal acceleration, pilot model 

.25 g 

12 

A/> 

- 

normal acceleration, pilot TIPS 

.25 g 

13 

- ^ 

\'TCG 

- 

rate of climb, model transformed 
to TIPS c.g. 

25 ft/sec 

14 

h 

- 

rate of climb, TIPS 

25 ft/sec 

15 

^ES 

- 

pitch stick force 

10 lb 

16 


- 

roll wheel force 

10 lb 

17 

’^IMCG 

•* 

angle of attack rate, inertial, 
model transformed to TIPS c.g. 

2. deg/sec 

18 

“X 

- 

angle of attack rate, inertial, TI! 

'S 2. deg/sec 

19 

h 

- 

altitude acceleration, TIPS 

10 ft/sec^ 

20 

A/7 


normal acceleration, c.g. TIPS 

,25 g 

21 


- 

bank attitude, model 

10 deg 

22 


- 

bank attitude, TIPS 

10 deg 

23 

Pru 

- 

roll rate, model 

5. deg/sec 

24 

P 

- 

roll rate, TIPS 

5. deg/sec 

25 

r 

m 

- 

yaw rate, model 

2. deg/sec 
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Appendix VI (CONT’D) 
RECORDING LIST 


Digital 



Variable (all incremental values 

Recording Scale 

Channel No 

b 


referenced to engage value) 

Pactor, units/volt 

26 

r 

- 

yaw rate, TIPS 

2. deg/sec 

27 

^IMTCG 

- 

sideslip, inertial, model trans- 
formed to TIPS c.g. 

2. deg 

28 


- 

sideslip, inertial, TIPS 

2. deg 

29 

N 

- 

lateral acceleration, pilot model 

• 1 g 






30 

U 

- 

lateral acceleration, pilot TIPS 

• 1 g 


h 



31 


- 

angle of attack, turbulence 

2. deg 




component, model 


32 

ie 




33 


- 

angle of attack, total, model c.g. 

2. deg 

34 

^TM 

- 

sideslip, total, model c.g. 

2. deg 

35 


- 

velocity, inertial, model 

66.7 ft/sec 

36 

A/7 

— 

incremental normal acceleration. 

.25 g 


^MCG 


model c.g. 


37 

U 


lateral acceleration, model c.g. 

• i g 


'^MCG 



38 

it 




39 

it 




40 

it 




41 

^EC 

- 

elevator column deflection 

1 . in 

42 

® ir 

- 

aileron wheel deflection 

10. deg 

43 

^RP 

- 

rudder pedal deflection 

.5 in 

44 

0 

- 

elevator surface deflection, model 

2.5 deg 


NOTE: *Various signals recorded to check TIPS sensor system, check flight 

folders for particular signal recorded. 
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Appendix VI (CCNT'D) 
RECORDING LIST 




Variable (all incremental values 
referenced to engage value) 

Recording Scale 
Factor, units/volt 

45 

0 

a 

- aileron surface deflection, model 

10. deg 

46 

171 

' 0 

r 

- rudder surface deflection, model 

5, deg 

47 

tn 

T 

- thrust, model engines 

20,000 lb. 

48 

h 

P 

- pressure altitude, TIPS 

2500 ft 

49 

h , 
wh 

- wheel height, model 

100 ft. 

50 

G,S,D, 

- glide slope deviation (+ a/c high) 

.05 deg 

51 

Loo. Dev. 

- localizer deviation (+ a/c left of 
centerline) 

.25 deg 

52 

I.D. 

- touchdown pulse 

— 

53 

6 

^TIFS 

- elevator surface deflection, TIPS 

2.5 deg 

54 

5 

^TIFS 

- aileron surface deflection, TIPS 

2. deg 

55 

6 

^TIFS 

- rudder surface deflection, TIPS 

10. deg 

56 

6 

^Rt 

- throttle position, right, TIPS 

10. deg 

57 

0 , 

^Rt 

- side force surface deflection, 
right, TIPS 

4. deg 

58 

5 

^Rt 

- direct lift flap deflection, right, 
TIPS 

4, deg 


VI-3 





1 Report No 2 Government Accession No 

NASA CR- 163115 

3 Recipient's Catalog No 

4 Title and Subtitle 

IN-FLIGKT INVESTIGATION OF THE EFFECTS OF PILOT LOCATION AND 
COOTROL SYSTEM DESIGN ON AIRPLANE FLYING DUALITIES FOR APPROACH 
AND LANDING 

5 Report Date 
Januarv 1982 

6 Performing Organization Code 

7 Author(s) 

i 

Nonnaa C. Weingarten and Charles R Chalk | 

8 Performing Organization Report No 
6645-F-7 

10 '.York Unit No. 

9 Performing Organization Name and Address 

Arvin/Calspan Advanced Technology Center 

P,0. Box 400 

Buffalo, New York 14225 

11 Contract or Grant No 
*\F-F33615-79-C-3bl8 

13 Type of Report and Period Covered 
Contractor Report - Final 

12 Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D. C. 20546 

14 Sponsoring Agency Code 
505-34-34 

15 Supplementary Notes 


Contract jointly sponsored by NASA Drydea Flight Research Facility and USAS Flight Dynamics 
Laboratory, funded through Air Force contract managed by Jack Barry (USAF/FDL) . 

Technical Monitors: Don Berry (NASA) and Robert Woodcock (USAF) . 


1 6 Abstract 


A Study of the handling qualities of large airplanes in the approach and 
landing flight phase was performed. An in-flight simulation experiment 
utilizing the USAF/Calspan Total In-Flight simulator was performed. A one- 
million pound statically-unstable delta-wing airplane mocel was used as a 
baseline about wnich variations were made. The primary variables were rela- 
tive pilot position with respect to center of rotation, command path time 
delays and phase shifts, augmentation schemes and levels of augmentation. 

The experiment design, its conduct and einalysis of the data are aescribed. 
Results indicate that the approach and landing task with large airplanes 
IS a low bandwidth task. Low equivalent short period frequencies and rela- 
tively long time delays can be tolerated only when the pilot is located a 
considerable distance forward of the center of rotation. As the pilot posi- 
tion IS moled aft towards and then behind the center of rotation, as is the 
space shuttle, pilot ratings are degraded. A multi-loop analysis of pitch 
attitude and altitude control gave insight into this pilot position phenom- 
enon. The control problem experienced by the pilots, when seated behind 
the center of rotation, tended to occur at low altitude when thev were us- 
ing visual cues of rate of sink and altitude. These configurations also lack 
tne initial normal acceleration cue from pitch acceleration that conven- 
tional large airplane configurations possess. A direct lift controller im- 
proved final flight path control of these shuttle-like configurations. 







17 Key Woros (Suggested by Author(sl) 

Handling qualities 
Flying qualities criteria 
Flight control 
Stability and control 
Space shuttle orbiter 
Approach and lancing 


18 Oistr bution Statement 

Unclassified-Unlimited 

ST.4R 

category 08 

19 Security Classif (of this report) 
Unclassified 

20 Security Classif ^of this page) 
Unclassified 




For sale by the National Technical Information Service, Springfield, V.A 22161 


















End of Document 



